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PEQSR�TVUVQXW8Y[Z]\*^`_a_cb:TV^ad�e�fhgi^aj 3 W8kml�Tnl�onl[prq-ststu4v
YwQSR�TVUVQXW8Y[Z]\*^`_a_cb:TV^ad�e�fhgi^aj 3 WxkmlyTnl�onlzprq-stst{4v

|O} 2V~ ^ajij�e/o�jh��j��Ve��Le��Vl�fij ~ e/T�j��y�+��e�fh��Tnl } jh^`Z�g:l�TCo[��gij�fi�tTnl } j�^`Z/g
^aT��nl�fijh^�l�_�� } _a�n_a_ ~ e�T4jm�y��jh�Ve�fhe�� } ^afhe ~ e/T�jhg����tfmj��Ve�oVe/Utfhe/e��y�

�L�OZ�j��tf����+���V^`_a�tgh���V� 3
l�j�j��Ve

Y[� |V| �:km�Eb | R���� |	�<�E| � � ��b���R!�*����RGkm� � �*����\L 
¡ } TVe�¢�£t£t¢

Z¤ Y
l�gig�l�Z¥� } gie/jij�g � TVgrj�^Xj } jhe��y�+��e�Z¥�VTC�t_`�tU 3 ¢�£t£4¢NQ��E_`_xfh^`U���jhg�fhe/ghe�frdte/o

� } j��V�tf
�Le��nlyfij ~ e�T4j������Ee/fh�tTVl } j�^aZ�g:l�TVoz�Egrj�fi�tTnl } jh^`Z/g

Y[l 3 ¢�¦VW§¢�£t£t¢

k¨e�frj�^X�ne�o 243
�*l]dN^ao���Q§�*lyf ~ ���©l�_

�Eghgi�OZ/^�lyjhe���fi����e�gigh�tf������Ee/fh�tTVl } j�^aZ�g:l�TVoz�Egrj�fi�tTnl } jh^`Z/g
���Ve/gh^`g |O} �8e�frdN^`gh��f

k¨e�frj�^X�ne�o 243
Y[l�fhª��Lfie�_`l

��fi����e�gigh�tf������Ee/fh�tTVl } j�^aZ�g:l�TVoz�Egrj�fi�tTnl } jh^`Z/g

k¨e�frj�^X�ne�o 243
��T4j��V�tT 3 �*Q8�+l�j�e�fhl

��fi����e�gigh�tf�����Y[e/Z¥�nl�TV^aZ-l�_�R�TVUt^aTVe�e/fh^`TCU

k¨e�frj�^X�ne�o 243
¡tl�^ ~ e*��e�fhl�^`fie

��fi����e�gigh�tf������Ee/fh�tTVl } j�^aZ�g:l�TVoz�Egrj�fi�tTnl } jh^`Z/g

�EZ/Z�e/�Cj�e/o 243
��fh����e/ghgi�tf�«¬l�_a_�l�Z/e*R�QV­�l�TVoVe/f�­�e�_`oCe

k¨�nl�^af�W8k¨� ~�~ ^Xjhjhe�eL�tT[\*f�l�o } lyj�e | j } oVe/T4j�g
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|O} 2V~ ^ajij�e/o�jh��j��Ve��Le��Vl�fij ~ e/T�j��y�+��e�fh��Tnl } jh^`Z�g:l�TCo[��gij�fi�tTnl } j�^`Z/g
�tT
Y
l 3 ¢y¦VW§¢y£t£4¢OWV^aT��nl�fijh^�l�_8� } _a�V_`_ ~ e�T4j¨����jh�Ve

fhe/� } ^`fie ~ e�T4j�g����tfmj��Ce�oCe�Utfie�e����
�L�OZ�j��tf����+���V^`_a�tgh���V� 3

�	/�%N���$
F���

�ET�e/fhfi�tf�Z���fhfhe/Z/jh^`�tT%l�TCo�Utfh^ao�l�onl��Oj�^ad�e ~ e/j��C�Oo�^ag+�Vfie�ghe/T4j�e�o����tf+^ ~ �Cfh�]dN^`TVU:j��Ve�l�Z/Z } fhl�Z 3
��� � } TCZ/j�^a�tTnl�_8� } jh� } jhgm��� Z�� ~ �Vfie�gigh^ 2 _`e�OV�QP!gi^ ~ } _`lyj�^a�tTVg/Q����Ve*�Cfh�NZ�e�o } fheL^ag 2 lyghe�o��tT l�T
l�oMRi��^`T4j����tf ~ } _�lyjh^`�tT ^`TSP��V^`Z¥� j��Veze�grj�^ ~ lyjhe�o e�fifh�tf%^aT jh�Ve�� } TVZ/jh^`�tTVl�_mZ-lyT 2 e[oC^`fhe/Z/jh_ 3
fhe/_�lyjhe�o�j��	jh�Ve�_`�NZ-l�_Gfhe/gh^`o } l�_me/fhfh��fhg���� 2 �yj���j��Ve��Cfh^ ~ l�_¨l�TVo l�oMRi�t^aT4j�gh�t_ } j�^a�tTVg/Q ���V^ag
fhe/_�lyjh^`�tTCgh�V^a��l�_a_`�TP�g+_a�OZ�l�_�e�fhfi�tf�Z/�tT4j�fh^ 2 } jh^`�tTVg�j�� 2 e } gie�o�l�g�^aTVoV^aZ-lyjh�tfhg�^`T�lEU�fh^`o�l�onl��Cjh^ad�e
~ e/j��C�Oo�oVe�gi^`UtTCe�o�jh���Vfi�Oo } Z�eGgh�8e�Z�^`l�_`_ 3 j } TVe�o�Utfh^aoVg ���tf�l�Z�Z } f�lyjhe�_ 3 e�gijh^ ~ lyj�^aTVU�j��Ve�Z¥�V�tgie�T
� } TVZ�j�^a�tTnl�_ Q����Ve ~ e/j��C�Oo�^ag�l��V�V_a^`e/o j���jUPG�DV oV^ ~ e/TVgh^a�tTnl�_8^`T4dN^`giZ�^ao�l�TVo�dN^`ghZ/� } g�p�_�l ~ ^`Tnlyf¥v
On�TP�g } gh^aTVU%gij¥lyTVonl�fioz�nTC^aj�eLd��t_ } ~ e*oV^aghZ/fhe/jh^XW�lyj�^a�tTVg�WVl�TVo�j��%ghZ�l�_�l�f�Z/�tT4dte/Z/j�^a�tTNYNoC^[Z } gh^a�tT
} gi^`TVU�l�\�l�_ae�fiªN^aT �nTV^Xj�e*e�_ae ~ e�T4j�oV^aghZ�fie/jh^XW-l�j�^`��TcQ

� gh��jhfh�t�C^`Z]\^YNfie/�nTVe ~ e/T4j�^`g } ghe/oKjh� ^ajhe�fhlyj�^Xdte�_ 3 ^ ~ �Vfh�]d�e�j��Ce�Utfh^aoVg:^`T�l gie�fi^`e�gE����g } 2 V
gh��TV^`ZyW�jhf�l�TVgi�tTV^aZ�W�lyTVo g } �8e�figh�tTC^`Z¬^aT�dN^aghZ�^ao j�e/gijKZ�l�ghe/g�Q�� Z�� ~�~ �tTV_ 3 Y } ghe�o l�onl��Cjh^ad�e
~ e/j��C�Oo jh�nlyj�e ~ �C_`� 3 g�l	Z } frdylyj } fie�ghe/TVgh�tf 2 l�ghe/o ��T ~ e�l�g } fie�g��y�:jh�Ve _a�OZ�l�_G^aT4j�e�fi����_�lMV
j�^a�tT�e�fifh�tf�^aT�jh�Ve�gh�t_ } j�^a�tT�^`g�^ ~ �C_`e ~ e�T4jhe�o�j��%Z�� ~ �nlyf�lyjh^adte/_ 3 l�ghgie�gig�j��Ce��8e�fr���tf ~ l�TVZ/e*���
j��Ce��Vfh�t�8�tgie�oK� } jh� } j�Y 2 l�ghe/ow�Cfh�NZ�e�o } fheyQ � T ~ lyT 3 Z-lyghe�g/W�jh�Ve�Z } fidylyj } fhe�Y 2 l�ghe/o ~ e/jh�V�No
�©l�^a_`gmj���j�e/f ~ ^`Tnlyjhe��tf��Cfh�No } Z�e/gEe/fhfh��TVe�� } g�dyl�_ } e�g����tf�j��Ve�� } TVZ/jh^`�tTVl�_ lyj:j�e�f ~ ^aTnlyjh^`�tTcQ � T
l�_a_+j�e/gij�Z-l�gie�g�W�j��Ve%�Vfi�t�8�tghe/o � } jh� } j�Y 2 l�gie�o ~ e/jh�V�Nowg } Z�Z/e�e�oCg�^`T�j�e/f ~ ^`Tnl�j�^`TCU��tTVZ�e%j��Ce
�Vfie�ghZ/fh^ 2 e/o
l�Z/Z } fhl�Z 3 _ae/d�e�_ �nl�g 2 e�e/T	l�Z¥�V^ae/d�e�o����tf�j��Ve�Z¥�V�tgie�Tz� } TVZ/jh^`�tTVl�_MQ

� } j�� } j�Y 2 lyghe�o�l�oVl��Cj�^XdteGZ�fh^Xj�e/fh^�l:l�fiem^`TVZ/�tfh�8�tfhlyj�e/o�^`T4jh�Ll�T�lyTV^`gi��j�fi�t�V^`Z�Utfi^`oNYOlyonl��Cjh^adte
�Vfi�OZ/e�o } fie¬���tf	_`l ~ ^aTnl�f � l-dN^`e/f�Y | jh�tª�e/gKgh^ ~ } _�lyjh^`�tTCg�Q ���Ve��Vfi�t�8�tghe/o ~ e/jh�V�No Z-l�T 2 e
dN^`e_P¨e/o[lygml ~ e�fhU�^`TVU�������e/ghgh^`l�TNY 2 l�ghe/o�l�onl��Cj�lyj�^a�tT`P�^Xj���� } j�� } j¨e�fifh�tfmZ/�tT4j�fi�t_MQ�� ghe/fh^`e/g
���8l�^afi���t^a_tj�e/gij�Z�l�ghe/g�l�fheG�Vfhe/ghe�T4jhe�o%���tfba�e 3 TV�t_aoVg�T } ~�2 e�fig�f�lyTVUt^`TCU���fh� ~dc W £t£�£�j���q-£t£CWS£t£t£CQ
���Vem�Cfh�t�8�tghe/o%l�onl��Oj�^ad�e ~ e/j��C�Oo�^ag+gi�V�TP�T�j��LZ/� ~ �Vl�fhe¨d�e�f 3 �©l-dt��f�l 2 _ 3 ^aT�jhe�f ~ g����§� } j�� } j
l�Z/Z } fhl�Z 3 l�TCozZ/� ~ � } j¥l�j�^`��Tnl�_xe_e�Z�^`e/TVZ 3 fie�_`lyj�^XdteLj��%� } fhe���e�gigh^`l�TNY 2 lyghe�o[l�only�Cj¥lyjh^`�tTxQ

���Ve/gh^`g |O} �8e�frdN^`gh��fgf��*l-dN^`oz��Q§�*l�f ~ ���©l�_
��^ajh_`eDf��Egigh�NZ�^�l�j�e���fh����e/ghgh��f:�y���Ee/fh�tTVl } j�^aZ�g�l�TCo[��gij�fi�tTnl } j�^`Z/g
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� P�^agh��j��:e��O�Vfhe/ghg ~�3 gh^aTVZ�e/fhe¨U�f�lyjh^aj } oVe�j�� ~�3 j��Ce�gh^ag�g } �8e�fidN^agh�tf/Wt��fh����e/ghgi�tf+�*l-dN^`o���Q �*l�f�V
~ ���©l�_MW����tf��V^ag } T Pmly^adte/fh^aTVU�g } �V�8�tfij�W4U } ^aonl�TVZ/e�W�l�TVo���fi^`e�TCoVgh�V^a��j��Vfi� } Ut�V� } j�j��Ve�Z/� } fighe����
j��C^`gbPG�tfhª§Q � l ~ ^aTVoVe 2 j�e/o%jh���V^ ~ ���tf�^`T4jhfh�No } Z�^aTVU ~ e¨j��*j��Cemj�f } _ 3 �©lyghZ�^aTnlyjh^`TVUEjh�t�V^aZ¨j��nl�j
^`g�j��Ce 2 l�gi^`g����cjh�V^`g�oV^`gighe/fij¥l�j�^`��TcWNl�TVo�����f�jh�VeEZ/�tT4j�^`T } � } g¨grj�fhe�l ~ ��� ^aTVgh^aUt�4jh� } _nZ/� ~�~ e�T4jhg
l�TVo�g } U�Ute�grj�^`��TVgGjh�nlyj��Ve�_a��e/o �Vfi�t�8e�_nj��Ve�fhe/ghe-lyfhZ¥� ���tf�PmlyfhocQ � l ~ l�_`gi��d�e�f 3 Utfhlyj�e�� } _nj��nl�j
�Ve ~ l�oVeLj��Ce�e_Zx�tfrj�j��%^`T4jhfh�No } Z�e ~ eLj���gh� ~ e*����j��Ve ~ �tgij:�V^aUt�V_ 3 fie�gh�8e�Z�j�e/o	fhe/ghe-lyfhZ¥�Ve/fhg
^`T�jh�Ve*�ne�_aocQ

� PG� } _`o!_`^aª�e	jh� jh�nl�TVª@jh�Vew�yj��Ve/f ~ e ~�2 e/fhg���� ~�3 Z�� ~�~ ^ajhjhe�eyWL��fh����e/ghgi�tfhg[�Lfhe/_�lCW
�+l�j�e�fhlCWyl�TVo���e�fhl�^`fie����tfcj��Ve/^`f Z/�tTVgijhf } Z�j�^Xdte�Z�� ~�~ e/T4j�g�l�TVo�Z�fi^aj�^aZ�^ag ~ Q ���Ve�^af��Vl�fijh^`Z�^a�nlyjh^`�tT
^`g�Utfie-lyjh_ 3 l��C�Vfhe/Z�^�l�j�e�oxQ � l ~ Utfhlyj�e�� } _n���tf�j��Ve�^`T4dt�t_Xdte ~ e/T�jG��� ��fi����e�gigh�tf¨� ��l�g ~�3%~ ^aTV�tf
l�oCdN^agh�tf/Q ���Vl�TVª�g	l�fie l�_`gi� o } e�j�� j��VeKe��Njhe�fhTVl�_�fhe-lyoVe�fig[����j��Ce jh�Ve�gi^`ggf �Lf/Q | j�e/d�e�T
�E_a_ ~ l�f�lyg�WO�Lf�Q�¡tl ~ e�g����V� ~ l�g/Wnl�TVo[��fh����e/ghgh��fhgE\�^a_`e�g/WV��l 2 l�gi�V^MWn��^ae�fhZ/e�W§l�TCoz« ^a_`_`Z/���xQ

| �8e�Z�^`l�_�j��nl�TCªNg%lyfhe oC^`fhe/Z/jhe�o¬j��TP¨l�fhoCg�Y[^`ªye�\�^a_`e/g�lyTVo ¡�^ ~ ���V� ~ l�g����tf�Z/� ~�~ e�T4jhg
j��Vlyj P¨e/fhe
�Vl�fijh^`Z } _�l�fi_ 3 } ghe�� } _�o } fh^aTVUKj��VezZ�� } fhghez����j��Vezfhe/ghe-lyfhZ¥�@^aTVZ�_ } oV^`TCU�gh� ~ e[e��^V
Z�e/_`_ae�T4j�g } U�Ute�grj�^`��TVg*���tfLj�e/gij�Z-l�gie�g/Q����Ce��Vl���e/fhg 243 Y[^`ªye�\�^a_`e�g/W � ^a_`e/g*��^`e�fiZ�e�l�TVo�jh�Ve�^af
Z���_`_�l 2 �tfhlyj���fhgKPGe�fie
^`T4dyl�_ } l 2 _ae�fhe/��e/fhe/TVZ�e/g ���tf�j��V^ag P¨�tfiª§Q �Lf�Q « Q	��Q��ETCoVe�figh�tTcW�lyTVo
�Lf�Q�R�Qn¡CQ � ^ae�_`gie�T oCe�ghe/fid�e�l�gi��e/Z�^�ly_cl�Z¥ª�TV�TP�_`e/oVU ~ e�T4j����tfGjh�Ve�^af¨dyl�_ } e�o�g } �V����fij�^`T } gh^aTVU
l�TVo ~ �OoC^a� 3 ^`TVU���b � ¢���Q � ly_`gh� 2 e�TCe/�Vjhe�oK��fh� ~ ghe�dte�fhl�_�oV^aghZ } ghgh^a�tTVg�P�^Xj�� Y[^aª�e%�+lyfhª	l�j
� l�TVUt_ae 3 Q

� ��e�e/_��Vfi^adN^`_ae�Ute/ozjh� �nl-d�e��nl�ozj��Ve��t�V�8�tfij } TV^aj 3 jh� ~ e�e�j*l�TVo 2 e���fh^ae�TVo ~�3 ��e�_`_a�TP _�l 2
~ lyj�e/g�WV�©l�Z } _aj 3 l�TVozgij¥lMZK^`T�j��Ve��:km�*�.p ���tf ~ e�fi_ 3 Wn����a:��v Q � Tz�nl�frj�^`Z } _�lyf�W � ~ } gij�jh�nl�TVª
j��Ce�_`l 2 e�_`oCe�fhg Y�R�ocW+��TVUt^`eyW �E_`^ W ����_ } W
��l�fhe/TcW�l�TVo �E_`e�� Y
���tf*�©l�Z�^a_`^aj�lyj�^aTVU ~�3 l�fhfi^adyl�_
l�TVo[^`T4j�e/Utf�l�j�^`��Tz^aT4j��%j��Ve�_�l 2 Q¨� ^`T } �
l�TVo
b�TV^��zl�ghgi^`grj¥l�TVZ/e P¨l�gEU�e�TVe/fh� } gi_ 3 �Vfi� dN^aoVe�o 2�3
R�ocW¨��TVUt^ae�W����t_ } W�l�TVo ­L^aZ/j���f ~ �tfie j�^ ~ e/g�j��nl�T � Z-l�T fhe ~ e ~�2 e/f�Q � gi�V� } _ao l�_`gi�wlyoVo
P¨� 2 ��l�^ ~ e�g�j��	j��Vlyj�_`^agij
�¨P¨� 2 �Cfh�]dN^`oVe/o Z/�t_`��f�j��	jh�Ve�onl�^a_ 3 lDZxl�^`fig����:j��Ce _�l 2 �¨l�TCo ^X�
�Ve Pmlyg:^aTzjh�Ve 2 } ^a_`oV^aTVUVW 3 � } TCe/dte/f:��e/_aj:_`��TVe�_ 3 Q�¡�e-lyT
oVe/ghe�frdte/gLl P��V�t_`e/�Ve-lyfij�e/o	l�Z¥ª�TV�TP�_ V
e�oCU ~ e/T4j����tf�ª�e/e��V^aTVU
jh�Ve�_`l 2 f } TVTC^`TVU
l�TVow����f��NZ�Z�l�gh^a�tTnl�_a_ 3 Ute/jij�^`TCU ~ e�� } j��y��l Rhl ~ Q
Y 3 Z�� ~ �V_a^ ~ e�T4j�g�jh� ���t_ } Y[k¨�V_a��j:Z-l ~ e�^aT[d�e�f 3 �nl�TCo 3 j��TPmlyfhoVg:j��Ve�e�TVocQ | � ~ e�����j��Ce
~ �tfhe�^`T4j�e/fhe/gij�^aTVU Z/�tT4dte/fhg�l�j�^`��TVg � e/TMRi� 3 e�oK^aTzjh�V^`g:_�l 2 P¨e/fheKP�^Xj��	¡��tghe/�V����jh�t�V^aZ�gEfhl�TVUte/o
��fh� ~ O } ��� } TVZ/jh^`�tTVg*jh�[e/Z��tTV� ~ ^aZ����t_a^`Z 3 j��[¡tl��Vl�TVe�gie�Z } ^`gi^`TVe�l�TCo 2 e 3 �tTVocQ ��lyfhf 3 l�_`gi�



e�TQRi� 3 e�o l	Ut�N�Oo�oV^aghZ } ghgi^`�tT l�TVo ly_[P¨l 3 g��Vfi�]dO^aoVe�o l�T e��CZ/e�_a_`e�T4j%�8e�figh�8e�Z/jh^ad�ez��T¬j��V^aTVUtg
�
� l ~ �nl�fijh^`Z } _�l�fi_ 3 Ut_�l�oK� } f��nl�j��Vg�Z�fi�tghgie�o¬^aT jh�V^`g�_�l 2 l�TCow���tf*j��Ce���fi^`e�TCoVgh�V^a� PGe �Vl]d�e
oVe�dte�_a�t�8e�ocQ���T 3 �tTVe P��C�*�nl�g�e�dte�f ~ e/j+�Eonl ~ Z�l�TVTV�yj�_`e�l]d�em�V^ ~ �DZ l�T�l�Z¥ª�TV�TP�_`e�oCU ~ e/T4j�g
�nl�U�e �+�Ce�^ag�l�_[P¨l 3 g�l 2 _`e�j�� 2 fi^`Ut�4j�e/T 3 � } f�onl 3 Q � �Vl]d�e 2 e�TCe/�Vjhe�o U�fhe-l�j�_ 3 ��fh� ~ Ute/jij�^`TCU
j���ª�TV�TP j��Ve�TVe_P¨e/fLU } 3 g:^`T�j��Ve�_�l 2 f a�^`Z�l�fhoV�
p©T } jhfh^Xj�^`��Tnl�_`^agij�WCZ���T�d�e�fig�lyjh^`�tTnly_`^`grj v Wn���tT 3 W
�*e�^Xj��cW | e�l�TcWc­E^`TVZ/e�W��*l-dte�« QXW |N} oVe�e/�cW�¡tl ~ e�g�p�d�e�fig�lyjh^`_`e ~ lyjh�Ve ~ lyj�^aZ�^`l�T§v�WxY
l�fiª§W�lyTVo
j��Ce �nfhe/TVZ¥�¬U } 3 gUYC\ } ^`_`_`l } ~ e�l�TVo�¡�e�fh� ~ eyQ�� ~ �tTVUtgrj�jh�V�tghe�^`T j��Ve�TVe�^aUt� 2 ��fh^`TCUz_`l 2 g/W �
l ~ �nlyfij�^aZ } _`l�fh_ 3 U�f�lyjhe/� } _ j����nl-dte 2 e���fh^ae�TVoVe/o	� } ^ag�W8¡tl ~ e�e/_MW8¡��tfiUte�W | ^ ~ �tTxW§l�TVoz�+lyjhg } �CQ
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} ~ T§v¨Z��tT4d�e�Z/jh^`�tTNV oV^ Z } gi^`�tT�e/� } lyj�^a�tTVg����tf�oV^ Zxe/fhe�T4j���e/Z�_ae/j:T } ~�2 e�fhg�p©��e]v Q q]u�u

� V u ��_`��jhg+���§j��Cem�tfh^aUt^`TVl�_�Utfh^ao�l�TVo��Vfi^ ~ l�_Ngh�t_ } j�^a�tT�p�_`e/� j¥v�l�TCo�j��Vem�nTVl�_Cfie/�nTVe/o
Utfh^ao�l�TVozZ��tfifhe/gh�8�tTVoV^aTVU%�Vfh^ ~ l�_�gh�t_ } j�^a�tT p©fi^`Ut�4j¥vG���tf���e � q]£OQ�Q�Q�Q�Q�Q�Q�q]u�{

� V 	 k¨�tT4dte/fhUte/TVZ�e*���xj��Ve�Z�� ~ � } jhe�o � } TCZ/j�^a�tTnl�_n���tf¨��e � q]£OQ����Ve�dyl�_ } eE�y�cj��Ve
� } TVZ�j�^`��Tnl�_ ^`g:�V_`�yjhj�e/o[d�e�fhg } gEjh�Ve�j��yj¥l�_ T } ~�2 e�f�����oVe/Utfhe/e�gL���+��fhe�e/oV� ~ ^`T
j��Ve�Z/�tfhfie�gh�8�tTVoC^`TVU%Utfi^`ocQ*Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�q]u�s

k&V¥q"�+lyjhZ¥�[�y�+j�fi^�l�TCUt_`e/gmg } fifh� } TVoV^`TCU�TC�OoVe��iQxQ�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�q 	 �
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¢OQXq � � ~ e�TCZ�_�l�j } fie�l�ghgi�OZ/^�lyjhe�o P�^ajh�zZ/�4l�fighe_V¨l�TCoz�nTCe_V U�fh^`o�� } lyT�jh^ajh^`e�g Q�Q�Q�Q � c

¦VQXq � P¨�zR�_`e ~ e/T4j�p � �:k¨�'£�£Cq ¢tv��E^`fr���t^`_ j�e/gij�Z�l�gheDf�a:e � c £t£t£OW � � � £ � c W
� � � 
/Q¬k¨� ~ � } j�e�o�oCf�l�U	��fi� ~ ��� } f�oV^ Zxe/fhe�T4j%lyonl��Cjh^adte�f } TVg f � } jh� } j�Y
2 l�gie�o l�onl��Cj�lyj�^a�tT �tT j��VeK_`e�� j4V e�_`e ~ e/T4j�oVf�lyUVWEfi^`Ut�4j4V e�_ae ~ e�T4j�oVf�lyUVWLl�TCo
j���j�l�_VoVfhl�U�p 2 ��j���e�_ae ~ e�T4j�g�v�WNl�TVo%� } fhe���e�gigh^`l�TNY 2 lyghe�o l�onl��Oj¥lyjh^`�tTcQ ��} ~ V
2 e/fhg�^aT 2 ��_`o �©l�Z/e*Z��tfifhe/gh�8�tTVo�j���Z/�tfhfie�Z/jhe�o�oVfhl�U�dyl�_ } e/g } gi^`TVU�jh�Ve�l�ghgi�OZ/^ V
lyj�e/o
lyoMRi�t^`T4j:Z���fhfhe/Z/jh^`�tT�j�e/f ~ Q ��} ~�2 e/fhg�^`T 2 fhl�Z¥ª�e�j�g*l�fie*j��Ve���e/fhZ/e�T4j¥l�U�e
e�fifh�tf�^aT j��Ce oVf�lyU ~ e�l�g } fie�o)P�^Xj���fhe/gh�8e�Z�j�j��	j��Ce �nTVe�Utfi^`o dyl�_ } e�Q����Ce
�nTVe�Utfh^aoK^`g�� 2 j�l�^`TVe/o 243 } TC^a���tf ~ _ 3 fie/�nTV^aTVU p 
 � ¢tvEj��Ce l�oVl��Cj�e/owU�fh^`o
Z��tfifhe/gh�8�tTVoV^aTVU�j��%� } jh� } j�Y 2 l�ghe/o	l�oVl��Cj¥l�j�^`��T��tT 2 ��jh�[ly^`fi����^`_8e�_`e ~ e/T4j�g�Q Q�q ¢
	

��Qaq"��e/f ~ g lyghgh�NZ�^`lyj�e/o P�^Xj�� j��Ve[l�_`U�e 2 fhl�^`Z�_a^`TVe�l�f%Z��tfifhe�Z�j�^a�tT jh�Ve���f 3 ��� | e�Z_V
j�^a�tT ��Q ¦%l�TVo jh�Ve�l�_aUte 2 fhl�^`Z:TV�tTC_`^`TCe-l�fGZ��tfifhe�Z�j�^a�tT j��Ve/�tf 3 ��� | e�Z�j�^a�tTz¢OQXqtQ ¢
j��nl�j�l�fhe�l�TVl�_`�tU�� } gxjh��jh�Ve�j�e/f ~ g�^aTLj��Ve�Z/�tT4j�^`T } � } g _`^`TCe-l�fxjh�Ve���f 3 ���C��^`e/fhZ�e
l�TVo[\*^`_`e/g � ¢ c W8¢�uNWn¦4s � Q Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�Q�q 	
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k¨� ~ � } j�lyj�^a�tTnl�_ngi^ ~ } _`lyj�^a�tTVg����xZ�� ~ �V_ae���l�e/fh�No 3 Tnl ~ ^`Z On�TP�gm�nl-dte 2 e/Z�� ~ e:^`T4j�e/Utf�l�_§Z/� ~ V
�8�tTVe�T4jhg�����j��Ve	oCe�gh^aUtT.�Vfi�OZ/e�ghg�^aT j��CeKl�e�fi�tgh�nlyZ�e�^`TCo } gijhf 3 o } e	jh�¬j��Ve/^`f �8��jhe�T4j�^`l�_:jh�
�Vfi� dN^aoVe�dyl�_ } l 2 _ae��V� 3 gh^aZ-l�_�onlyj�l�j��Ve/fhe 2�3 fhe/o } Z/^`TVU�jh�VeETVe/e�o ���tfGZ��tgrj�_ 3 P�^aTVo j } TVTVe/_�j�e/gij�V
^`TCUVQ � TVZ�fie-l�gi^`TVU�fhe�_a^�l�TCZ�e��tT�Z�� ~ � } jhe�f�gh^ ~ } _�lyjh^`�tTCgcTVe�Z/e�gigh^aj�lyj�e/g�l�Z��tfifhe/gh�8�tTVoV^aTVU�^aTVZ�fie-l�gie
^`T%j��CeLl�Z/Z } fhl�Z 3 l�TVo fhe�_a^�l 2 ^`_`^Xj 3 ���cj��Ce } TVoCe�fh_ 3 ^`TVU�l�_`U��tfh^Xj�� ~ g�Q�� } fijh�Ve�f ~ �tfie�W�_�lyfhUte�V ghZ�l�_`e
gh^ ~ } _`lyj�^a�tTVg ~ } gij 2 e ~ l�oVe ~ �tfie�lDZ��tfhoVl 2 _`eGgh�*j��Vlyj�j��Ce�^`f����yj�e�T4jh^�l�_ 2 e/TVe/�Vjhg�Z-l�T 2 e¨� } _a_ 3
fhe�l�_`^[W�e/o0P�^Xj��V^aT j��Ve�oVe/gh^aUtT[Z 3 Z�_`eyQ

� P¨e/_`_Lª�TV�TP�T grj�fhlyj�e/U 3 ���tf ~ ^`TV^ ~ ^[W�^aTVU jh�Ve�Z���gijz����l Z/� ~ � } j¥l�j�^`��Tnl�_Egi^ ~ } _�lyjh^`�tT
P��V^a_`e�l�Z¥�V^ae/dN^`TVU
l[Ut^Xdte/T _`e�dte/_G���ml�Z�Z } f�lyZ 3 ^`g�Utfh^ao lyonl��Cj�lyj�^a�tT � q�W�uOW�{CW�q]£OW�q c W�q]uOW�¢�	OW
¢�{CW � £CW ��� W�¦ c W�¦4{CW c £CW c q�Wxu � Wxu�¦VW�utuCWcu�{OW 	y£OW 	NqtW 	�¢ �MQ*���Ce 2 l�gi^`Z��Vfie ~ ^`gie�^`g:j���_a�OZ�l�_`_ 3
e�TCfh^`Z¥� j��Ce�Z�� ~ � } j�lyj�^a�tTnl�_GUtfh^ao�^`T�fhe/Ut^`��TVg P��V^`Z¥� ~ �tgij%lyoCdte/fhghe/_ 3 lDZ�e�Z�j�j��Vezl�Z/Z } fhl�Z 3
����j��Ve��nTVl�_Lgh��_ } jh^`�tTIP��V^a_`e�Z/�4l�fhgie�TV^aTVU�j��VeKUtfi^`o.^aT ~ �tfie 2 e/TV^`U�T!fie�Ut^a�tTVg jh� �Cfhe/d�e�T4j
^`TCZ } fifh^`TCU } TVTVe�Z/e�gig�l�f 3 Z�� ~ � } j¥lyjh^`�tTnly_�Z��tgrj�g/Q�� ~ lQRi�tf�oV^ e�Z } _Xj 3 ^`T l�Z¥�V^ae/dN^`TVU[oVe/�VTV^ajhe
^ ~ �Vfi� d�e ~ e�T4j�g } gh^aTVU�l�only�Cj¥lyjh^`�tTz���tfLR } _ae�f*lyTVo � l-dN^`e/f�Y | j��tªye�g*Z-ly_`Z } _�lyjh^`�tTVg:^`g:j��Ve�_�l�Z¥ª
���¨fhe�_a^�l 2 _`e�e/fhfi�tf�^`TVoV^aZ-lyjh�tfhg/Q��§��f*e��Cl ~ �V_`eyW�l�Z�� ~�~ �tT�gijhf�lyjhe�U 3 ^agLj��[l�onl��Oj�jh��Z�e�frj¥l�^aT
�V� 3 gh^aZ-l�_4��e-l�j } fie�g ���Cjh�VeFOn�TP�W�g } Z¥��l�g gi�V�OZ¥ª�P¨l-dte/g�W 2 � } TVonlyf 3 _`l 3 e�fig�WDP¨l�ªye�g�Wygh_a^`��_`^aTVe�g/W���f
gij�l�UtTnl�j�^`��T����t^aT4j�g�W 243 e ~ �C_`� 3 ^`TVU*^aTVoV^`Z�lyj���fhg 2 lyghe�o��tT%_�lyfhUte OV�QP Utf�lyoV^`e/T�jhg��tf } TVoC^adN^`oVe/o
oV^ Zxe/fhe�TCZ�e�g � uOW�{OW c £OW8u�¦ � Q����Ve�lyghg } ~ �Cjh^`�tTz�Ve/fhe�^ag�j��nlyj�fhe/Ut^`��TVg��y��_�lyfhUte/f:U�f�l�oV^ae�T4j�g�l�fie
l�gigh�NZ�^�l�j�e�o P�^Xj���fhe/Ut^`��TVgm����_�lyfhUte/f¨e�fifh�tf/Q�b�TC���tfrj } TVlyj�e/_ 3 WOZ��tT4jh^`T } � } g�_a�OZ�l�_xfie/�nTCe ~ e�T4j����
j��Ce¨oV� ~ ^`TVl�T4j ��e-lyj } fhe/g+���Vjh�Ve
On�TP oV�Oe/g�TC��j+TCe�Z�e/ghghl�fh^a_ 3 U } l�fhl�T4j�e/eGj��Vlyj�Z�e�frj¥l�^aT ~ e-l�g } fhe/g

¢ �



��� j��CeLUt_`� 2 l�_8e�fhfi�tf P�^a_`_8gh^ ~ } _aj�l�TVe�� } gh_ 3�2 eLfie�o } Z/e�ocQ � T�gh� ~ eLZ�l�ghe/gmj��V^agm�Vfi�OZ/e�o } fie ~ l 3
e/d�e�T[_`e-lyo�jh�%^`TVZ/�tfhfie�Z/j:fie�g } _aj�g � � u�¦ � Q

�ET�l�_ajhe�fiTnlyj�e�ly�V�Vfh�tl�Z¥��^`gcj�� } gie¨lyonl��Cjh^adte�^aTVoV^aZ-lyjh�tfhg 2 l�ghe/o��tT�j��Ce�_a�OZ�l�_�^aT4j�e�fi����_�lyjh^`�tT
e�fifh�tf�^`T�j��Vemgi�t_ } j�^`��T � q]uCW�¢�	NW�¢�{CW�¦4{NWtu�¦OW�u 	 �MQ����Veme�fifh�tf+l�ghgi�OZ/^�lyjhe�o P�^aj����V^`e/Z�e P�^aghe YN_`^aTVe-l�f
^`T4jhe�fh�8�t_`lyj�^a�tT ���+l�ghZ-ly_�l�fm�ne/_`o�^`g��Cfh�t�8�tfijh^`�tTVl�_�jh�%jh�Ve�ghe/Z��tTVo[oVe�fi^adylyjh^adte/g�����j��nlyj�giZ-l�_`l�f�Q
��� } g�W jh�Ve�gie�^aTVoV^aZ-lyjh�tfhgLe/ghgie�T4j�^`l�_`_ 3 l�oVl��Cj*j�� jh�Ve�Z } fidylyj } fhe�����j��Ve�gi�t_ } j�^`��TcQ��§fi� ~ j��V^ag
�8e�fhgi��e/Z/jh^adte�j��Ce 3 gi�nl�fhe�gi� ~ e����8j��Ce�� } l�_`^Xj�^`e/g�l�TVo��8��j�e/T�jh^�l�_CoVe/�nZ/^`e/TVZ�^ae�g�l�ghgi�OZ/^�lyjhe�o P�^ajh�
��e-l�j } fie�Y 2 lyghe�o[^`TVoC^`Z-l�j��tfig¨���tf�TV�tTC_`^`TCe-l�f OV�QP �Vfh� 2 _`e ~ g/Q

« ^ajh�V^`T�j��Ce�Z/�tT4j�e��NjE����_a^`TVe�l�fme�_a_`^a�Cj�^aZL�Vfh� 2 _`e ~ g/W§l�fie�_�l�j�^ad�e�_ 3 fh^aUt�tfi� } g�l�only�Cj�^Xdte��Vfh�DV
Z�e/o } fie �nl�g 2 e�e�Tw� } jh_`^`TCe�o 243�� ^ae�TVª�^ae P�^`Z W�l�TVo � � } � 	y£CW 	OqtW 	t¢ �MQ����Ve 3 �Vfi�t����ghe } gh^aTVU
l fhe�Z/�]dte�f 3 j�e�Z¥�CTV^`� } eKj�� � 2 j�l�^`T �V^aUt�Ve�f�V �tfioVe�f��Cfh�MRie/Z/j�^a�tTVg�����j��VeKgh��_ } jh^`�tT Utfhl�oV^`e/T4j�g�Q
���Ve*_a�OZ�l�_§e�fhfi�tf¨^agml�gighe/ghghe/o 243 Z�� ~ �nl�fi^`TVU�j��VeLgi�t_ } j�^`��T Utfhl�oV^`e/T4j�g P�^Xj�� jh�VeL�V^aUt�Ve�f�V �tfioVe�f
�Vfi�MRie�Z�j�^`��TVg�Q b:TC���tfij } Tnlyjhe�_ 3 Wmj��Ce�ghe	j 3 �8e�g�����e/gijh^ ~ lyj�e/g Z-lyTVTV��j 2 e ~ l�oVe[fh^aUt�tfh� } g�����f
Z���T�d�e�Z�j�^`��TNYNoV� ~ ^`TVlyj�e/o0OV�QP �Vfh� 2 _`e ~ g/Q

R�fhfh��fLe�grj�^ ~ lyjhe�g 2 l�ghe/o��tT	_`�NZ-ly_�fie�gi^`o } ly_+e/dyl�_ } lyjh^`�tTVg:Z-lyT 2 e } ghe/owlygE^`TCoV^`Z�lyj��tfig:����f
l�only�Cj¥lyjh^`�tTxQ@��� jh�tg ~ ^`g�l�TVo P¨e�fiUte�f � q ��e ~ �C_`� 3 l ~ } _ajh^`_`e�dte/_ a:^aZ¥�nl�fhoCgh�tTNY4j 3 �8e
^aTVoV^aZ-lMV
j���f:���tfEl�onl��Oj�^ad�e�fie/�nTVe ~ e/T4j P�^ajh�V^`T
l��nTV^Xj�e�dt�t_ } ~ e�Z���T�jhe��Nj-QER�fhfh��fEe�grj�^ ~ lyjhe�g�l�fhe�Z��tTNV
gijhf } Z�j�e/o 243 e/dyl�_ } lyj�^aTVU�jh�VemoV^aghZ/fhe/jhemfhe/gh^ao } l�_O�tT�lEZ/�4l�fhgie�Utfh^ao } gi^`TVULlEfhe/gij�fi^`Z�j�e�o�gi�t_ } j�^`��T
��fh� ~ l��nTCe�Utfi^`ocQ � �nl�TVU �
	 �*� 3 � ut{ ��oVe/fh^ad�e�_a�OZ�l�_ l�only�Cj�^Xdte�^`TVoV^aZ-lyjh�tfhg 243 e/dyl�_ } lyjh^`TVU�j��Ce
fhe/gh^ao } l�_c�y��jh�VeLUt�]d�e�fhTC^`TVU%�nl�frj�^`l�_�oC^[Z�e�fhe/T4j�^�ly_xe�� } l�j�^`��TVg } gh^aTVU�j��Ce�l��V�Vfi� �O^ ~ lyjheET } ~ e�f�V
^`Z�l�_cgi�t_ } jh^`�tTxQ

���Ve�ly���tfie ~ e�T4j�^a�tTVe�ozl�oVl��Cj�^Xdte*^aTVoV^`Z�lyj���fhg�l�_a_ } gie�_`�NZ-l�_ ~ e�l�g } fhe�g�����j��Ce*e�fhfi�tf�^`T��tTCe
���tf ~ �tf�l�TV��jh�Ve�f/Q��:�QPGe/d�e�f/W�j��Ve�_`�NZ-ly_te�fifh�tf ^`T�l�oV^`giZ�fhe�j�e
On�TP�gh��_ } jh^`�tT ~ l 3L2 e�oV� ~ ^`TVlyj�e/o
243 fhe ~ ��jhe�e_Zxe/Z/jhgE^`T[l�T[e�T4j�^afhe�_ 3 oV^ Zxe/fhe�T4j��nl�frjE����j��Ve�oV� ~ l�^aT	� q � W c q �MQ¨�ET
e��Cl ~ �C_`e����
P��Ve/fhe
g } Z¥� l�T �OZ/Z } fifhe/TVZ�e ~ ^`U���j�lyfh^`gie PG� } _ao 2 e[^aT lKj�fhl�TVgh��TV^`Z On�TP�Q �ET l�onl��Cjh^ad�e
l�_aUt�tfh^Xj�� ~ 2 l�gie�o ��T oVe/fh^Xd�l�j�^ad�e�g�^`T j��Cew_a�OZ�l�_�Y
l�Z¥� T } ~�2 e�f0P¨� } _`o jhe�TVo!j�� �Vfh�]dN^`oCe
dte/f 3 �V^`U��
Utfi^`ozfhe�gi�t_ } j�^`��T
TVe�l�f�gi�V�NZ¥ªNg/Q�« �V^a_`e�j��V^ag PG� } _ao	fhe/g } _XjE^aT	l�gh�nl�fi�V_ 3 YNfie�gi�t_ad�e�o
gh�C�OZ¥ª§WGjh�Ve�gh�V�NZ¥ª�_`�NZ-l�j�^`��T¬Z�� } _`ocW�TVe/d�e�frj��Ve/_`e�gig�W 2 e�^`T gh^aUtTV^X�nZ-l�T4j%e/fhfh��f�o } e�j�� l�_�l�Z¥ª
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����Utfi^`o	fie�gi�t_ } jh^`�tTz�©l�f } �Vgijhfhe-l ~ ��fh� ~ jh�Ve�gi�V�OZ¥ª¬p����tf�e��Cl ~ �V_`e/gL����g } Z¥� l�T	�NZ�Z } fhfhe/TVZ�eyW
ghe/e�fhe���e�fhe/TVZ�e � u�¦ ��v�QK���V^ag�W�^aT j } fiTcW�Z�� } _`o�_ae-l�o jh�	g } 2 gij�l�T4j�^�ly_me�fifh�tfig�^`T¬�yj��Ve/f�oVe�fi^ad�e�o
� } l�T4j�^Xj�^ae�g�Q

R�dte�T P�^Xj��V^aTzjh�Ve�ghe�jhjh^`TVU������nTV^Xj�e�V e�_ae ~ e�T4j4V oV^`giZ�fie/j�^[W�e/o
e�_a_`^a�Cj�^aZ*�Vfh� 2 _`e ~ g�W�P��Ve/fhe�fi^`UDV
�tfi� } g�e/fhfi�tf�e/gij�^ ~ l�j�e�g��nl-dte 2 e�e/T�l-dyl�^`_`l 2 _`e����tf�oVe/Z-l�oVe/g �S¢NW c { �MW+�tTVe Z�l�T l�fiU } e%j��nlyj�l
Ut_a� 2 l�_te/fhfi�tf TV�tf ~ 2 l�ghe/o�oV^afhe/Z/j�_ 3 �tT�j��CeGgi�t_ } jh^`�tT�lyTVo�^Xj�g oVe/fh^adylyjh^ad�e�g ~ l 3 TC��j 2 e��t�Cjh^ ~ l�_
P�^ajh�V^`T�l�T�e�TVUt^aTVe�e/fh^aTVU�Z/�tT4j�e��Oj�Q����VeG^`ghg } e�^`g�e/dte/T�_`e/ghg�Z�_`e�l�f ���tf�R } _`e�f�l�TVo � l-dN^`e/f�Y | jh�tª�e/g
Z�� ~ � } j¥lyjh^`�tTVg�jh�nlyj%�nl-d�e ~ } _aj�^a�V_`e�_`e/TVU�j�� ghZ�l�_`e/g�l�TVo ^`gh��_�lyjhe�o)On�TP ��e�lyj } fhe�g�ghZ�lyjhjhe�fie�o
j��Cfh� } U��V� } j�Z�� ~ �V_`^aZ-lyjhe�ocW ~ } _Xj�^aoV^ ~ e�TVgi^`�tTVl�_+oV� ~ l�^aTVg�Qz�EoVl��Cj¥l�j�^`��T 2 l�gie�o��tT¬l[Ut_a� 2 l�_
e�fifh�tf�TV�tf ~ ���Ejh�V^`g�Tnlyj } fhe[Ute�TVe/f�l�_a_ 3 _ae-l�oCg�jh�¬lwgi� ~ e P��nlyj } TV^X���tf ~ Z/�tTVgi^`oVe/f�lyjh^`�tT ���
l�_a_�jh�Ve���e�lyj } fhe�g�^`T l On�TP�WbP��V^aZ¥� ~ l 3 TV�yj 2 e oVe/gh^`fhl 2 _ae�Qz�n�tf�e��Cl ~ �C_`e�W�^a�¨�tTVe ^ag���TV_ 3
^`T4jhe�fhe/gijhe�o�^`T Z/� ~ � } j�^aTVU�jh�VeLoVfhl�U��tT�l�T�e/TVUt^aTVeLTnl�Z/e�_a_`e ~ � } T4jhe�o 2 e�_`�TP j��Ce P�^`TVU��y��l�T
l�^afhZ�fhly� j-W��tf�j��Ve�_a^a� j+Ute�TVe/f�lyjhe�o 243 lLZ-l�TnlyfhocW�^aj ~ l 3 TC��j 2 e�TCe�Z�e/ghghl�f 3 j���fie�gh��_adte�jh�Ve Pmlyª�e
oV�TP�TVgrj�fhe�l ~ ����j��Ve�f } oVoVe/f:jh��lyT 3 l��V�Vfie�Z�^`l 2 _ae*e��Nj�e/T�j�Q

�ET l�_Xj�e�fiTnlyjhe�l��V�Vfi�4l�Z¥��j�� ~ l�ª�^`TCU e�fifh�tfLe/gijh^ ~ lyj�^a�tT ~ �tfhe�fhe�_ae/dyl�T4j*���tfLe/TVUt^aTVe�e/fh^`TCU
l��V�C_`^`Z�lyj�^a�tTVg�^`g+jh�*l�gighe�gig�j��Ve�e/fhfh��f ~ lyoVe¨^aT��Vfhe/oV^`Z�j�^`TCU*l�T�^`T4jhe�Utfhl�_O� } lyT�jh^aj 3 fhe��Cfhe�gie�T4j�^aTVU
l�T�e�TVU�^`TVe/e�fh^aTVU�� } j�� } j-Q��n�tf�e��Vl ~ �V_ae�W�^`T�l�e/fh�No 3 Tnl ~ ^`Z�l��V�C_`^`Z�lyj�^a�tTVg/Wt� } jh� } j�g����x^`T4j�e/fhe�grj
^`TCZ�_ } oVe¨j��Ce:_a^a� j�W�oVfhl�U�l�TVo ~ � ~ e/T�j�Z��Ne e�Z�^ae�T4j�g��tT�l�^afhZ�fhly� j�Z/�tTC�nU } f�lyjh^`�tTCg�Q+���Ce�ghe�l�fie�l�_`_
e��O�Vfie�gigh^ 2 _`emlyg�g } fi�©l�Z/e¨^aT�jhe�Utfhl�_`g �]dte/f+�8�tfijh^`�tTCg��y�Cj��Ce¨oV� ~ l�^aT 2 � } TConl�f 3 Q��Ej��Ce�f�e��Cl ~ �V_`e/g
^`TCZ�_ } oVe�jh�VeEj��yj¥l�_8_`�tgighe/g�l�Z�fi�tghgml 2 _�lyoVeEfi�QP!^aT l�U4lyg¨j } f 2 ^`TCeEe�TCUt^`TVeyWOjh�VeEj��yj¥l�_8�Ve-l�j O } �
j��%l��C^`Ut�NY��Vfhe/ghg } fhe*j } f 2 ^`TCe 2 _�lyoVe�WNj��Ve�l�Z/� } grj�^`ZETV�t^`gie*_`e�dte�_ag�lyj�lyT�l�^`fi���tfrj¨jhe�f ~ ^`TVl�_�o } e
j��El�T�ly^`fhZ/f�ly� j j�l�ª�^`TVU�� Z+Wy�tf j��VeGf�lyjheG���V^`Z�e����tf ~ lyjh^`�tT��tT�l�T�l�^afhZ/f�ly� j-P�^`TCU�o } fh^`TCULl�oCd�e�fighe
On^aUt�4j�Z��tTVoC^aj�^a�tTVg/Q

���V^`g*oC^`ghgie�frj¥lyjh^`�tT��Vfie�gie�T4j�g�l�T�e/fhfh��f*e�gijh^ ~ lyj�^a�tT	lyTVo�Utfh^aoKl�onl��Oj�^ad�e ~ e/j��C�Oo�gi��e/Z�^a�.V
Z-ly_`_ 3 oVe�gi^`UtTCe�o[����f:^ ~ �Cfh�]dN^`TVU�jh�Ve�lyZ�Z } f�l�Z 3 ���+� } TCZ/j�^a�tTnl�_ � } j�� } j�g���fh� ~ T } ~ e�fi^`Z�l�_ gh^ ~ V
} _`lyj�^a�tTVg�Q����Ve ~ e/j��C�Oo ^agml��C�V_`^aZ-l 2 _ae�j���Ute/TVe�fhl�_xoC^`ghZ/fhe�j�^XW�lyj�^a�tTVgG^`TVZ/_ } oV^aTVU��nTV^ajhe�d��t_ } ~ e�W
�nTV^Xj�e�e�_ae ~ e�T4j-Wy�tf��VTV^ajheGoV^ Zxe/fhe/TVZ�e¨l��V�Vfi� �O^ ~ lyjh^`�tTCg�Q ���V^`g�j��Ve/gh^ag����NZ } gie�g+��T��nTV^Xj�e�dt�t_ } ~ e
^ ~ �V_ae ~ e�T4j¥lyjh^`�tTCg ����f�^aT�dN^aghZ�^ao�l�TVo�dN^aghZ�� } g�p©_`l ~ ^`Tnl�f�vxZ�� ~ �Vfie�ghgi^ 2 _ae�On�TP�g/W�l�TVo�l�\�l�_`e/fhª�^`T
�nTV^Xj�e�e�_`e ~ e/T4j�oV^aghZ�fie/jh^XW-l�j�^`��T ���tf�ghZ�l�_�l�f�Z���T�d�e�Z�j�^`��TNYNoV^ Z } gi^`�tTxQ
���Ve �Cfh�NZ�e�o } fhe ^aT4dt�tªye�g
l o } l�_`^Xj 3 Z/�tTVZ/e��Cj*^aT P��V^aZ¥�Kl�T	e�� } ^Xdyl�_`e/T�j)/*' �*���tf���/10 ����� 	����tf ~ } _�lyjh^`�tT�����jh�Ve��tfi^`Ut^aTnl�_
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"������ �*�¨�Vfi� 2 _ae ~ ^ag�e��O�V_`��^aj�e/ocQ����Ve��Cfh^ ~ l�f 3
2 e�TVe��Vj����m^aT�d��tª�^`TVU�j��Ce�o } l�_��Vfi� 2 _`e ~ W ^aT
j��Ce�Z/�tT4j�e��NjG���cU�fh^`o�l�only�Cj¥lyjh^`�tTxW4^`g�j��nl�j�jh�Ve:e�fhfi�tf�^`T�l�Z¥�C�tghe/T � } TVZ�j�^`��Tnl�_VZ�l�T 2 e�oC^`fhe/Z/jh_ 3
fhe/_�lyjhe�o�j��z_`�NZ-ly_+fhe/gh^ao } l�_�e/fhfh��fhg�����j��Ve%�Vfi^ ~ l�_+gi�t_ } jh^`�tT�jh�Vfh� } Ut��j��Ve�l�oMRi��^`T4j*dyl�fh^`l 2 _`e/g�Q
���V^ag��Vfh�t�8e�frj 3 e/_ } Z/^`onlyjhe�g¨jh�Ve*�8��j�e/T�jh^�l�_8���tfmoVe�dN^`gh^aTVU%l�T��t�Cjh^ ~ l�_§Utfh^ao�l�onl��Oj�^ad�eLgijhf�lyjhe�U 3
oVe/gh^`U�TVe�o�j����Vfh�No } Z/e�gi��e/Z�^�ly_`_ 3 j } TCe�o U�fh^`oCg����tf ~ l �O^ ~ ^[W�^`TCUEj��Ve:l�Z/Z } fhl�Z 3 ���cl��Vl�fijh^`Z } _�l�f
� } TVZ�j�^a�tTnl�_ Q

����� � ������� ���	�����z#��-#"�t�����z�������������	���! >�
��
��
��#

���Ve¨�Vfhgij�fhe�g } _ajhg�fhe/_�lyjhe�o�jh�Le�fifh�tf+l�Tnl�_ 3 gh^`g����tf�� } TVZ/jh^`�tTnly_N� } j�� } j�g�_a^`ª�e/_ 3 �tfi^`Ut^aTnlyjhe�o�^aT�j��Ce
PG�tfhª����+� } 2 ^aT
lyTVo � ^aj�giZ¥�Ve�p�ghe/e�fhe���e�fie�TVZ/e � c {���v�Qm���Ve 3 oVe/d�e�_`����e/o�l%jhe�Z¥�VTC^`� } e�p P�^`oVe/_ 3
ª�TV�TP�T lyg�� � 	��#� \��
	 � 	 ���$�&%Vv����tf��Vfi�]dO^aTVU � "������ ���L�nTV^Xj�e�e/_`e ~ e�T4j�Z/�tT4dte/fhUte/TVZ�ezf�lyjhe�g�����f
e�_a_`^a�Cj�^aZz�Cfh� 2 _ae ~ g�^aT@Z�e/fij�l�^`T@TC�tf ~ g ��jh�Ve�f�j��nl�T j��Ve	TVlyj } fhl�_ETC�tf ~ p©��f e�TCe�fhU 3 TV�tf ~ v
���tf�j��Ve��nlyfij�^aZ } _`l�f��Vfh� 2 _`e ~ Q	���Ve jhe�Z¥�VTC^`� } e ~ l�ª�e/g } ghe����:l	g } ^aj�l 2 _ 3 oCe/�nTVe/o l�oMRi�t^aT�j
�Vfi� 2 _`e ~ jh�nlyj:ghe/fidte/gLl�g�lyT
l�frj�^X�nZ�e*^aT�jh�Ve��Vfh�N���<Q

Pml 2 }��ghª�l¬l�TVo.Y[^`_a_`e�f � c � PGe�fhe
��e/fh�nl��Cg�j��Ce[�nfigij jh�w���NZ } g�lyjij�e�T4jh^`�tT �tT � } TVZ�j�^a�tTnl�_
� } jh� } jhg�Q � T�grj�f } Z/j } f�l�_Cl�Tnl�_ 3 gh^`g+l��V�V_a^`Z�lyj�^a�tTVg�W]jh�Vem� } jh� } jhg+���§^aT�jhe�fie�gij�l�fhe�j 3 �C^`Z-ly_`_ 3 �8�t^aT�j
� } l�T4j�^Xj�^ae�g g } Z¥��l�g oV^agh�V_`l�Z�e ~ e/T�jhg�W�fh��j�lyj�^a�tTVg lyTVo ~ � ~ e�T4j�g/Q � T�j��Ce�^`f �Vl���e/f�WyPml 2 }��ghª�l�lyTVo
Y[^a_`_`e/fL� } jh_`^aTVe�o l��Vfh�NZ�e/o } fhe P��Ve/fhe 243 j��Ve/ghe����t^aT4j�� } l�T4j�^ajh^`e/g�Z/� } _ao 2 e%Z��tT4dte/fijhe�o�^`T4jh�
^`T4jhe�Utfhl�_xe��C�Cfhe�gigh^a�tTVg } gh^aTVU P��nlyj�j��Ce 3 jhe�f ~ e�o � � 	 � ���
	 ����� ��'��
�
	 ����� ��Q�b�gh^aTVU%l�T �*' � ���	� �����
p©��f�l�oMRi�t^aT4j v��Cfh� 2 _ae ~ 2 l�gie�o%�tT�j��Ce�e��Nj�fhl�Z/jh^`�tT�� } TCZ/j�^a�tTVg/W4l�TVo } TVoCe�f�Z�e/fij�l�^`T�g ~ �N��jh�VTVe�gig
Z���TVoV^ajh^`�tTCg�Wnj��Ve/ghe�^aT4j�e�U�f�l�_ � } l�T4j�^Xj�^ae�g P¨e/fhe�gi�V�TP�T	j�� Z/�tT4dte/fhUte�l�j�jh�Ve�ghl ~ e�f�l�j�e�lyg�j��Ce
gijhf�l�^aT�e�TVe/fhU 3 W�P��Ve�fie-l�g/Wnj��Ve*�8�t^`T4j�� } lyT�jh^ajh^`e�g¨� 2 j¥ly^`TVe/ozoC^`fhe/Z/jh_ 3 ��fh� ~ j��Ve*�nTC^aj�eEe�_`e ~ e/T4j
gh��_ } jh^`�tT�Z/�tT4dte�fiUte�o	lyj�g } 2 �t�Cjh^ ~ l�_xfhlyj�e/g�Q

Y[�tfie�fhe�Z/e�T4j�_ 3 W�j��Ce�fhe��Vl�g 2 e/e�T l	gh^aUtTV^X�nZ-l�T4j�dt�t_ } ~ e ���:fhe�gie-l�fiZ¥� ^`T4j�� � " �#�
	 �
����� ���
e�fifh�tf:l�TVl�_ 3 gh^ag�l�TVoz�t�Cjh^ ~ l�_xUtfi^`o�l�oVl��Cj¥l�j�^`��T�����fm� } TVZ/jh^`�tTVl�_c� } jh� } jhg P�^Xj��V^aT j��Ve�Z��tT4jhe��Nj
��� �nTC^aj�e�e�_ae ~ e�T4j ~ e/jh�V�OoCgG���tf&O } ^`o o 3 Tnl ~ ^`Z�g/Q
a:e/ghe�l�fhZ¥�Ve/fhg�^aT j��VeLl�fhe�l�^`TVZ/_ } oCeLP¨e/Z¥ª�e�f/W
a:l�TVTnl�Z¥�Ce�fLlyTVo	Z���_`_�l 2 �tfhlyj���fhg � sCW�q-£OW�q � W c q � W |�
} _`^ l�TVo
Z��DV=P¨�tfiª�e/fhg � ¢ � W � £CW c s �MW�� l�fhgi�tT
l�TVo[Pml�frj�� � � ¦ � Wnl�TVo[�+lyjhe�fhlCW§��e/f�l�^afhe�l�TVozZ��t_a_�l 2 �tfhlyj��tfig � � {OWn¦tuOWn¦ 	 � Q

P¨e�Z¥ªye�f/W a�lyTVTnl�Z¥�Ve/f�l�TVo Z��t_a_�l 2 �tfhlyj��tfig � sOW�q]£NWmq � W c q ���Vl]d�e[oCe/dte/_`�t�8e�o l�T �t�Cjh^ ~ l�_
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Z���T�jhfh�t_�l��V�Vfi�4l�Z¥�����tfL� } j�� } j�Y 2 l�gie�o Utfh^ao�l�only�Cj¥lyjh^`�tT(P�^Xj��V^aT�lz\�ly_`e�fiª�^`T
�nTC^aj�e�e�_`e ~ e/T4j
��f�l ~ e_P¨�tfiª§Q����Ve�^af�l��V�Vfi�4l�Z¥��e��O�V_`��^aj�g��VTV^ajhe�e�_`e ~ e/T4jG��fij��C�tUt�tTnly_`^aj 3 �Vfi�t��e/fijh^`e�g�lyTVo�o } l�_ V
^aj 3 Z��tTCZ�e��Oj�g�j��nlyj:^aT�d��t_ad�eLj��Ve } gie��y��l�Tzl�oQRi�t^`T4j��Vfi� 2 _`e ~ Q�� " �#�
	 �
����� ����e�fifh�tf�e/gijh^ ~ lyj�e/g
l�fie } ghe�o�j���oVe/fh^ad�e�e Z�e�Z/jh^ad�e�^aTVoV^aZ-lyjh�tfhgm���tf�lyonl��Cj�lyj�^a�tTcQ

| 
} _`^xl�TVo[��� } gij���T	� � £CW c s�� �Vfie�gie�T4jLlyT ��" �#�
	 �
����� ���Ge/fhfh��f�l�Tnl�_ 3 gi^`gm�y��jh�Ve \#"�Y4dte�figh^a�tT
����j��Ve�oV^aghZ/�tT4j�^`T } � } g�\�l�_ae�fiªN^aT �nTV^Xj�e*e�_ae ~ e�T4j ~ e/j��C�OocQ�b:gh^aTVU%o } l�_a^aj 3 l�fhU } ~ e/T�jhg�WnZ/� ~ V
� } j�l 2 _ae¨e�fifh�tf 2 � } TVoVg+l�fheGoVe�fi^adte/o����tf�_`^`TCe-l�f � } TVZ�j�^`��Tnl�_`g����ngiZ-l�_`l�f�W��nfhgrj�YN��fhoVe/f�� 3 �8e�f 2 ��_`^`Z
�Vfi� 2 _`e ~ g/Q����Ve�gie 2 � } TVoCgEl�fie } ghe/o[jh��oVe/gh^aUtT
lyT[lyonl��Cjh^adte�l�_aUt�tfi^aj�� ~ jh�nlyj:^`g�Z�l��nl 2 _ae*���
2 ��j���_`�NZ-ly_ ~ e/gh��g } 2 oV^XdN^`gh^a�tTzl�TVoz_`�NZ-l�_�����_ 3 TV� ~ ^�l�_ YNoVe/Utfhe/eEe�TCfh^`Z¥� ~ e/T�j�Q

� l�fhgi�tT%l�TVo�Pml�frj�� � � ¦��C�nl-dte�� } jh_`^aTVe�o�l�T � " �#�
	 �
����� ��� e�fifh�tf+e�gijh^ ~ lyj�^a�tT��Vfh�NZ�e/o } fhem����f
gh�8e�Z/^a�ne/o�� } TVZ/jh^`�tTVl�_`gG��� �nfhgrj�YN�tfioVe�f¨g 3 gijhe ~ g:�y� Z��tTVgie�frd�l�j�^`��T�_�l P�g¨���tf¨jh�VeLoV^aghZ/�tT4j�^`T } � } g
\�l�_`e/fhª�^`T
�VTV^ajhe�e�_ae ~ e�T4j ~ e�j��V�NocQ�b�gi^`TVU�o } l�_`^Xj 3 jhe�Z¥�VTC^`� } e�g/W�e/fhfi�tfLfhe/�Vfhe/ghe/T�j�lyj�^a�tTVg�l�fie
oVe/fh^ad�e�oz���tf�_`^aTVe-l�fml�TVozTV�tTV_a^`TVe�l�f¨� } TVZ�j�^a�tTnl�_ag�Ut^ad�e�T[l�T
lyghgh�NZ�^`lyj�e/o 2 ^`_a^`TVe�l�fm�tf�TV��TV_`^aTVe-l�f
dyl�fh^`lyj�^a�tTnl�_§���tf ~ Q

�+lyjhe�fhlCWV��e�f�ly^`fhe�l�TVo�Z��t_a_�l 2 �tfhlyj��tfig � � {CW�¦4uCW�¦ 	 ���Vl]d�eLe�grj¥l 2 _`^`gi�Ve�o l�T ^ ~ �C_`^`Z/^aj �2" �#�
	 ���
����� �����Vfi�OZ/e�o } fhe����tf�Z�� ~ � } jh^`TVU } �V��e/f�l�TVo�_`�TP¨e/f 2 � } TVoVg��tT�� } TVZ�j�^`��Tnl�_V� } j�� } jhg������VTV^ajhe
e�_ae ~ e�T4j�gh��_ } jh^`�tTVg/Q����Ve/ghe�e�fhfi�tf 2 � } TVoVg:l�fie ~ e�l�g } fie�o P�^ajh��fhe�gi��e/Z/j:j���jh�Ve*d�ly_ } e*����j��Ce
� } jh� } j��tTwl�g } ^Xj¥l 2 _ 3 fhe��nTVe/o 	 ��' 	 \ ���&� \Kj��nlyj�^ag�Z��tTVgi^`oVe/fhe/o g } e�Z/^`e/T�jh_ 3 �VTVe�jh�nlyj�j��Ce
oV^aghZ�fie/jh^XW-l�j�^`��T e�fifh�tfig ~ l 3 2 e*TVe/Ut_`e/Z/j�e/ocQ����Ve 3 ^`TVZ/�tfh�8�tf�l�j�e*l�T�lyonl��Cjh^adte*�Cfh�NZ�e�o } fhe�^`T4jh�
j��Ce 2 � } TCoV^`TVU	��fhl ~ e PG�tfhªwoVe�gi^`UtTVe/o jh�K�Vfh�No } Z/e�o �t�Cj�^ ~ ^[W�e/o�Utfh^aoVg�j��Vlyj ~ e/e/j�l	j¥lyfhUte�j
2 � } TVozU4l��cQ

��^`e�fiZ�e�l�TVo[\*^`_ae�g � ¢y¦VWn¢ c W§¢�uNWV¦4s��c�nl-dte�oVe/d�e�_a�t��e/o
lyT[lyoMRi�t^`T4j�V 2 l�gie�o�e/fhfh��f�Z��tfifhe�Z�j�^a�tT
j�e/Z¥�VTV^a� } e����tf�� } TVZ/jh^`�tTVl�_t� } jh� } jhg�Q�R�gighe�T4jh^�l�_a_ 3 W]jh�V^`gcjhe�Z¥�VTV^a� } e�e��Nj�e/TVoVg�g } �8e�fiZ��tT4dte/fhUte/TVZ�e
�Vfi�t��e/fijh^`e�g/Wtl } j�� ~ lyj�^aZ-l�_a_ 3 ^`TV�Ce�fhe/T4j�^`T ~ lyT 3 �VTV^ajheGe/_`e ~ e�T4j ~ e�j��V�NoVg/Wyj��EZ��]dte/f+T } ~ e�fh^aZ-l�_
fhe/g } _Xj�g�� 2 j¥l�^aTVe�o���fh� ~ l�T 3 T } ~ e/fh^aZ-l�_ ~ e�j��V�NocWy^`TVZ/_ } oV^aTVU��VTV^ajhe¨oV^ Zxe/fhe�TCZ�e�Wy�nTV^ajheGd��t_ } ~ e�W
�tf��nTC^aj�e�e/_`e ~ e�T4jFP�^Xj��V� } j�Tnlyj } f�l�_Vg } �8e�fhZ/�tT4dte/fhUte/TVZ�eyQ�Y[�tfie��]dte/f�W�j��Ve�jhe�Z¥�VTV^a� } e�Z�l�T�l�_`gi�
2 e } gie�ozj���^ ~ �Vfh�]dte*jh�Ve�lyZ�Z } f�l�Z 3 ����g } ��e/fhZ/�tT4dte�fiUte�T4jL� } TVZ/jh^`�tTnly_`g�� 2 j�l�^`TCe�o���fh� ~ �VTV^ajhe
e�_ae ~ e�T4j ~ e�j��V�NoVg 243 Z��tTCgij�f } Z/jh^`TVUzg ~ �N��j��Ve/f�W �V^aUt�Ve�f�V �tfioVe�f*^aT4j�e�fi����_�l�T4j�g�����j��Ce��Vfi^ ~ l�_
l�TVozo } ly_cgh�t_ } j�^a�tTVg/Q

���Ve�� } jh� } j�V 2 l�gie�o l�only�Cj�^Xdte ~ e/jh�V�Oo�� } j�_a^`TVe/o ^`T¬jh�V^`g�oV^`gighe/fij¥l�j�^`��T�^`g 2 l�ghe/o ��T l�T
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l�_aUte 2 fhl�^`Z�dte/fhgi^`�tT����njh�Ve���^`e/fhZ/e�l�TVo�\*^`_ae�g�Z��tfifhe�Z�j�^a�tT�j�e/Z¥�VTV^`� } eyQ � j�gi�nl�fhe/g�j��Veml�oCdyl�T4j¥l�U�e
��� 2 e/^`TVU l��C�V_`^aZ-l 2 _ae
j�� l�T 3 j 3 �8ew����oV^aghZ�fie/jh^XW-l�j�^`��T ~ e/jh�V�NocWE^aTVZ�_ } oV^`TCU¬�nTV^ajhe�dt�t_ } ~ e
~ e/j��C�OoVg&P��V^`Z¥��lyfhe P�^aoVe�_ 3 } ghe�o ����fGj��CeLgh^ ~ } _�l�j�^`��T���� Z/� ~ �Vfhe/ghgh^ 2 _`e On�TP�g�Q����VeL�Cfhe�gie�T4j
~ e/j��C�OoV��_`�tU 3 ly_`gh� 2 �tfifh�TP�g�Wx��fi� ~ �+lyjhe�f�l�l�TCoK��e�fhl�^`fie�Wxjh�Ve�Z���TVZ�e/�Cj�����j��Ve 	 ��' 	 \ ���&� \NW
fhe���e�fifhe�o�j���^aT�jh�VeE�Cfhe�gie�T4j�Z/�tT4j�e��Njml�gGgi^ ~ �V_ 3 j��Ve�� �
� ����� /�W P��V^aZ¥� ^`g�j�� 2 e�oV^`grj�^aTVU } ^agh�Ve/o
��fh� ~ j��Ve�l�ghgi�OZ/^�lyjhe�o - � �&%��������tf � � �����#������� /�Q ���Ve �Vfi�OZ/e�o } fhe ^aT4dt�t_Xdte�g�e�grj�^ ~ lyjh^`TVU�j��Ce
e�fifh�tf�^aTzjh�Ve�Z/�4l�fighe_V Utfh^ao�� } TVZ/jh^`�tTVl�_GP�^ajh�[fie�gh�8e�Z�j�jh��^Xj�g�dyl�_ } e���T
l%Ut_`� 2 l�_`_ 3 fie/�nTCe�o[�VTVe
Utfi^`ocQ | �t_ } j�^`��TVg+�tT�jh�Ve��nTVe�Utfi^`o%l�fie�TV��j�fhe/� } ^`fie�ocQ����Ve��tTC_ 3 l } �O^`_a^�l�f 3 Z/� ~ � } j¥l�j�^`��TVg�l�fie
� } TVZ�j�^a�tTnl�_�l�TCo�fhe/gh^ao } l�_�e/dyl�_ } lyjh^`�tTVg ��T�j��Ce��nTCeGUtfi^`ocWyl�TVo�j��Ve�gh��_ } jh^`�tT����Vl�_`^aTVe-lyf l�oMRi�t^aT�j
�Vfi� 2 _`e ~ �tTKj��Ve�Z��4lyfhghe�Utfh^aocQ ���Ce l�oVl��Cj�^Xdte�l�_`U��tfh^Xj�� ~ gij�fi^ad�e�g�jh�[^ ~ �Cfh�]dte�j��Ce � } l�_a^aj 3
����j��Ve�l����tfhe ~ e/T�jh^`�tTCe�o�e�fifh�tf�e/gij�^ ~ l�j�e 243 lyjij�e ~ �Cjh^`TVU�j��%fhe/o } Z�e�l�TVo�e/� } ^`oV^agij�fi^ 2 } j�eLj��Ce
fhe ~ ly^`TV^aTVU¨e/fhfh��f ^`TLj��Ce�� } TVZ/jh^`�tTVl�_tly� jhe�f Z/�tfhfie�Z/jh^`�tTxQ��mj jh�Ve�TVe��Nj ^Xj�e�fhlyj�^a�tTcW]l�TVe_P �nTCe�Utfh^ao
^`g�oVe��nTVe/o P�^ajh�[fie�gh�8e�Z�jEjh��j��Ce�TVe_P�_ 3 l�oVl��Cj�e/o
Z/�4l�fhgie�U�fh^`ozl�TCo[j��Ce��Vfi�OZ/e�gigE^`g�fie��8e-lyjhe�o
} T4j�^a_mZ���T�d�e�fiUte�TVZ/e�Q@k¨�tT4dte�fiUte�TCZ�e
^ag�oVe/�VTVe�o ^`T¬j�e/f ~ g%���E_a�OZ�l�_mlyTVo Ut_`� 2 l�_ml�oVl��Cj¥l�j�^`��T
�nl�fhl ~ e/j�e/fhg:l�TVozl%�Vfhe/ghZ/fh^ 2 e�oze�fifh�tf�_ae/d�e�_c���tf�j��Ce�Z/� ~ � } j�e/o�� } TVZ/jh^`�tTVl�_MQ

����� � ��#���������������)*� � ���-� ���	��

�����������

� j�f�lyoV^ajh^`�tTnly_ ~ e�j��V�No �y��oV^`giZ�fie/j�^[W�^aTVUzjh�Ve�Z�� ~ � } j�lyj�^a�tTnl�_�oV� ~ l�^aTK^`g�j��
e ~ �C_`� 3 gijhf } Z�V
j } fhe�o �tf 2 _a�OZ¥ª YNgrj�f } Z/j } fhe/owUtfi^`oVg*Z/� ~ �Vfh^aghe�o��y�¨fie�U } _`l�f*l�fif�l 3 g����¨� } lyoVfh^a_�lyjhe�f�ly_+�tfL�Ce��^V
l��Ve/oVf�ly_*Z�e�_a_`g ^aT.jUP¨� �tf j��Cfhe�eKoV^ ~ e/TVgh^a�tTVg/W�fie�gh�8e�Z�j�^Xdte�_ 3 Q'\*e�TVe/f�lyjh^`TVU¬jh�Ve�gie j 3 �8e�g����
Utfi^`oVg��tT fie�U } _`l�fh_ 3 gh�Vl���e/o oV� ~ l�^aTVgG^ag } g } l�_a_ 3 l�gij�fhl�^`U���ji���tf4P¨l�fio ~ lyjhjhe�f�W��V�TPGe/d�e�f�WVjh�Ve 3
2 e�Z�� ~ e%e��OZ/e�e�oC^`TVUt_ 3 oV^[e�Z } _aj*jh�[Z/�tTVgijhf } Z�j�l�g*jh�Ve�oC� ~ ly^`TVg 2 e�Z/� ~ e�^aTVZ�fie-l�gi^`TVUt_ 3	~ �tfhe
Z�� ~ �V_ae���Q�b�TVgrj�f } Z/j } fhe/o	Utfh^aoVg�e ~ �V_a� 3 ^aTVU�j�fh^`l�TVUt_ae�gm^aT�jUP¨��oV^ ~ e�TVgi^`�tTCg��tfmj�e�j�f�ly�Ve�oVfhl�^aT
j��Cfhe�e�oV^ ~ e�TCgh^`��TVg��nl-dte�e ~ e/fhUte/o	l�g�l�dN^�l 2 _`e�l�_Xj�e�fiTnlyjh^adte�j���gijhf } Z�j } fie�o�Utfi^`oVg/W§�Vfh^ ~ l�fi^`_ 3
o } e�jh�	j��Ve/^`f%l 2 ^a_`^Xj 3 j��KoV^`giZ�fie/j�^[W�e�Ute/� ~ e/j�fi^`Z�l�_`_ 3 Z�� ~ �V_`e���oV� ~ l�^aTVg P�^Xj�� fhe/_�lyjh^ad�e e-l�gie
P��V^a_`e��Vfh�]dN^`oC^`TVU�l�Tnlyj } f�l�_§ghe�jhjh^`TVU����tf�j��Ve:^ ~ �V_ae ~ e�T4j¥lyjh^`�tT��y�cUtfi^`oNYOlyonl��Cjh^adtemjhe�Z¥�VTC^`� } e�g/Q

���Ve�Z/� ~ �Vfhe/ghgh^ 2 _`e On�TP�gEZ/�tTVgi^`oVe/fhe�o[^`Tzj��V^ag PG�tfiª[lyfhe�gh^ ~ } _�lyjhe�o } gi^`TVU } TVgijhf } Z�j } fie�o
Utfi^`oVg Z/� ~ �8�tgie�o��y�Ojhfh^�lyTVU } _`l�fcZ�e/_`_ag �tf e�_`e ~ e/T4j�g�Q�« �V^`_ae�j��Ve�T } ~ e�fi^`Z-ly_4fhe�g } _ajhg�l�fhe����NZ } gie�o
�tT�jUP¨�MV oV^ ~ e/TVgh^a�tTnl�_xjhe�grjEZ�l�ghe/g�W§j��Ve�Z��tTCZ�e��Oj�g�W�l�_aUt�tfh^Xj�� ~ g�l�TCo[�Vfi�OZ/e�o } fhe�g��Vfhe/ghe/T�jhe�o�^aT
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j��C^`g�oV^`gighe/fij¥l�j�^`��T l�fie�W�^`T �Vfh^aTVZ�^a�nl�_ W l��V�V_a^`Z-l 2 _`e���f�e��Nj�e�TConl 2 _ae�j���j��Cfhe�e�oV^ ~ e/TVgh^a�tTVg�Q � T
�nl�frj�^aZ } _`l�f�WnlyTnl�_`��Ut^`e/gmj�� } TVgijhf } Z�j } fie�o
jhe/j�fhl��Ve/oVf�l�_ Utfi^`oVg:Z-lyT 2 e�fie-l�oC^`_ 3 oVf�l P�T	^aT ~ �tgij
Z-lyghe�g
� ¦ c � Q

| j¥lyTVonl�fio \^Y�d�e�fhgi^`�tT�^agh��jhfh�t�C^`Zmlyonl��Cj�lyj�^a�tT�^`g } ghe/o�����f�j��Ce�^`T4dN^`ghZ/^`o�gi^ ~ } _�lyjh^`�tTVg�^`T�j��V^ag
PG�tfhª§Qm�mj�e-l�Z¥�
^aj�e/f�lyjh^`�tT�^aT
l�j 3 �V^`Z�l�_�l�onl��Oj�^ad�e�_a�O���cWVZ�fi^ajhe�fh^`l%l�fhe�oVe�fi^ad�e�o[����f:oCe/j�e/f ~ ^`T.V
^`TCU�j��Ce�oVe/gh^`fie�o�e/_`e ~ e�T4j�gh^[W�e�g����tf:jh�Ve�TVe_P Utfh^aocQ����Ve�fie�^`g�TV� ^aTC���tf ~ lyjh^`�tT��Vfi� dN^aoVe�o
����f
gijhfhe�j�Z¥�V^aTVU[��f�fie��tfi^`e/T�jh^`TVU�jh�Ve%e�_`e ~ e/T4j�g�^`T�j��V^ag�Z-l�gie�Q����Ve�dN^aghZ�� } g�gi^ ~ } _�lyjh^`�tTVgEe ~ �V_`� 3
l�TV^agh��jhfh�t�C^`ZLlyonl��Cj�lyj�^a�tTcQ��mj�e�l�Z¥��TV�OoCe*^`T j��Ce*oV� ~ l�^`TcWN^`TO���tf ~ lyj�^a�tT fie�U4lyfhoV^aTVU�j��Ce*_`�NZ-l�_
gh^[W�eyWxgijhfhe�j�Z¥�V^aTVUVWclyTVo	�tfi^`e�T4j�lyj�^a�tT[�y��j��Ve�e�_`e ~ e/T4j�gL^ag��Vfi�]dO^aoVe�oxQLPml�gie�o��tT[j��V^agE^`TO���tf ~ lMV
j�^a�tTcW�jh�Ve�Utfi^`o�^ag�fhe/Ute�TVe/f�lyjhe�o } gh^aTVU�lLUte/TVe�fhl�_`^[W�e�o%�Le/_�l } Tnl 3 Y4j 3 �8e�l�_aUt�tfh^Xj�� ~ � q ¢NW � c �§lyTVo
j��Ce�e/T�jh^`fie��Cfh�NZ�e�gig�^ag�fhe��8e-l�j�e�oxW8^Xj�e/f�lyjh^adte/_ 3 W } T4j�^a_xj��Ve�Z�� } �V_`e/o[U�fh^`o^YNgh�t_ } j�^a�tT�g 3 grj�e ~ �nlyg
Z���T�d�e�fiUte�ocQ

���Ve�� } j�� } j�Y 2 l�gie�o�lyTV^`gi��j�fi�t�V^`Z�Utfi^`oNYOlyonl��Cjh^adte ~ e/jh�V�Oo[�Vfh�����tgie�o	^aT[jh�V^`g P¨��fhªz^`g�l�T
e��Njhe�TVgi^`�tT����VZ } fifhe�T4j�lyTV^`gi��j�fi�t�V^`Z ~ e/jh�V�OoCg�Q���e�fhl�^`fie��
	 �*� 3 � ¦4{ �O�Vfh�����tgie�o�l�oV^`fie�Z/jh^`�tTVl�_4fhe�V
�nTVe ~ e/T4j ~ e/jh�V�Oo%���tf�jUPG�DV oV^ ~ e/TVgh^a�tTnl�_C^`T4dN^`ghZ/^`o On�TP�g�Q � T�j��Ve/^`fFP¨��fhª§WOU�fh^`oCg�Z/� ~ ���tgie�o����
gijhfhe�j�Z¥�Ve/o
j�fi^�l�TVU�_`e�g�lyfhe�Z��tTCgij�f } Z/jhe�o P�^Xj�� 2 ^�lyghe�ozfhe/gh�t_ } j�^a�tTzl�_`��TVU%oV^`fie�Z/jh^`�tTCg�����fhl��V^`oC_ 3
Z¥�nl�TCUt^`TVUKUtfhl�oV^ae�T4j�g%���:j��Ve�oVe/TVgh^Xj 3 Q ���Ve[l��V�Vfi�4l�Z¥� j��Ve 3 l�oV���Cj�^`g 2 l�gie�o �tT fhe�o } Z�^aTVU
j��Ce ^`T4j�e/fh�8�t_�l�j�^`��T e�fifh�tf�^`T jh�Ve oVe/TVgh^Xj 3¬243 ���NZ } gi^`TVU���T¬j��Ve��:e�gigh^�lyT ~ lyjhfh^ � �y��gie�Z/�tTVo
oVe/fh^adylyjh^ad�e�g�Q����Ce�_a�OZ�l�_���e�gigh^`l�T[^agmoV^`l�Ut�tTnly_`^XW/e�o l�TVo�j��Ve�l 2 gh�t_ } j�eLdyl�_ } eL��� jh�Ve*e�^aUte�T4dyl�_ V
} e/g�l�fie } ghe/o j���oVe�j�e�f ~ ^aTVe�j��Ve�_`�NZ-ly_�Utfh^aoKgh�nl�Z/^`TVUz^`T�jUPG�
�tfrj��V��Ut�tTnl�_+oV^`fie�Z/jh^`�tTCg�U�^adte/T
243 j��Ce�Z/�tfhfie�gi���tTCoV^`TVU�e/^`Ute/T�d�e�Z�j��tfig�Q����V^`g�l�_a_`�TP�gLgrj�fhe�j�Z¥�V^aTVUz�nl�f�l ~ e�j�e�fig�l�TVoK�Vfh^aTVZ�^a�nl�_
oV^afhe�Z�j�^a�tTVg�jh� 2 e�oVe/�VTVe�oK�]dte/fLj��Ve�e/T4j�^`fie�oV� ~ l�^aTcQE���Ve�Utfh^ao	^`g:j��Ve/T�fhe�U�e�TVe/f�lyjhe�o 2 l�gie�o
�tT�e�� } ^aoV^`grj�fi^ 2 } jh^`TVU�jh�Ve�e�grj�^ ~ lyjhe�o�e�fifh�tf:l�_a�tTVU�j��Ce�e/^`Ute/T4dte�Z�j��tf:oV^afhe�Z�j�^a�tTVg�Q

���Ve ~ �tfiezfie�Z/e�T4j PG�tfhª�����kml�gijhfh�MYO���
�
l W �
	��*� 3�� q]u�� W��El 2 l�gh�V^��
	��*� 3 � ¢�	NWG¢�{ �ElyTVo

�Le�frdN^`e } � �
	 �*� 3 � q]s���ly_`gh��e ~ �C_`� 3 g�lyTV^`gi��j�fi�t�V^`Z l�onl��Oj�^ad�e�^`TVoV^aZ-lyjh�tfhg 2 l�ghe/o ��T jh�Ve�^`T.V
j�e/fh�8�t_�l�j�^`��T e/fhfi�tf�^`T¬l�Z¥�V�tgie�T�giZ-l�_`l�f��tf�Z/� ~�2 ^aTnlyjh^`�tTK���¨ghZ-ly_�l�fig�Q ���Ve 3 ~ l�ªye } gie ���ml
g 3N~�~ e�j�fi^`ZE�8�tgi^aj�^Xdte YNoVe/�VTV^ajhe ~ e�j�fi^`ZE� 2 j¥l�^aTVe�o���fh� ~ j��Ve��:e�gigh^�lyT 2�3 j¥l�ª�^aTVU�j��VeLl 2 gh��_ } jhe
dyl�_ } e��y��^ajhg�e�^aUte�T4dyl�_ } e�g�QG���Ve ~ e�j�fh^aZ�W�P��V^aZ¥�zdyl�fi^`e/g:Z/�tT4j�^aT } � } gh_ 3 �]dte�f�j��Ce�oV� ~ l�^aTcWVZ�l�T
2 e�^`T4j�e/fh�Vfie/jhe�o l�g*l�jhf�l�TCgi���tf ~ lyjh^`�tT ~ l�j�fh^�����fh� ~ jh�Ve��V� 3 gh^`Z�l�_+gi�nl�Z/e�j���l a�^`e ~ l�TCTV^�l�T
gh�Vl�Z�eyQGR�� } ^aoV^`grj�fh^ 2 } jh^`TVU�jh�Ve*e�fifh�tf�l�_a�tTVU�e/oVUte/g:^aT�j��Ve*Utfi^`o�Z�l�T 2 e�l�Z¥�C^`e/d�e�o 2�3 e�� } ^`oC^`g�V
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j�fi^ 2 } j�^`TCU�jh�VeL_`e/TVU�jh� ���cjh�VeLe�oCUte�gm^aT j��Ce�a�^`e ~ l�TVTC^�l�T�gh�nlyZ�e�QGkml�grj�fi�MYO� �
�
lDW �
	 �*� 3 } gheLl�T

\ � YOl�onl��Oj�^ad�eLgijhf�lyjhe�U 3 j���l�Z¥�V^ae/d�e�oC^`fhe/Z/jh^`�tTnly_`_ 3 YOlyonl��Cjhe�o } TVgijhf } Z�j } fie�o
U�fh^`oCg P�^ajh���V^`Ut�^Y
l�gi��e/Z/j�Y�f�lyjh^`� e/_`e ~ e/T�jhg�Q ��l 2 l�gi�V^ �
	 �*� 3 U�e�TVe/f�lyjhe	�V^`U��V_ 3 grj�fhe�j�Z¥�Ve/o Utfh^aoVg } gi^`TVU _`�NZ-l�_
�t�8e�fhlyj�^a�tTVggf+fhe/�VTVe ~ e�T4j-WnZ/�4l�fighe�TC^`TVUVWCe�oVUte�g�Pml��C�V^`TVU�l�TCozTC�OoVe ~ �]dte ~ e/T�j�W�P�^ajh�V� } j�lyT 3
fhe/Z�� } fhgheLjh��fhe ~ e/gh�V^aTVUVQ����Ve } ghe*��� _a�OZ�l�_§Utfh^ao �t�8e�fhlyj�^a�tTVgGe�Tnl 2 _`e�gGj�^`U���jhe�fGZ�� } �C_`^`TCU P�^ajh�
j��Ce�gi�t_ad�e�f/Q

� Z�� ~�~ ��T.ghZ-ly_�l�f } gie�o ^`T@j��Cew�:e�gigh^�lyTNY 2 l�gie�o l��V�Vfi�4l�Z¥�Ve/gz���tf dN^aghZ�� } g On�TP�g[�nlyg
2 e�e�TKj��Ce Y[l�Z¥�wT } ~�2 e/f � uCW�¢
	NW u 	 �MQ�b:TC���tfrj } Tnl�j�e�_ 3 W ghe�dte/f�l�_�oV^ e�Z } _ajh^`e/g*l�fhe%lyghgh�NZ�^`lyj�e/o
P�^ajh� } gi^`TVUzj��Ve�Y[l�Z¥��T } ~�2 e�f��:e�gigh^�lyT l�_`�tTCe�Q �L^�l5�
	 �*� 3 � u�	 �G�Vfhe/ghe�T4j�l
g } ~�~ l�f 3 ���
�Ve } fh^agij�^aZ�g*���tf ~ �NoV^a� 3 ^`TCU j��Ve��:e�ghgi^�l�T ^`T l�T lyjij�e ~ �Cj*jh�zl�_`_ae/dN^�lyjhe�gi� ~ e%���G^ajhgL^`TC�Ve�fie�T4j
_`^ ~ ^Xj¥lyjh^`�tTCg�l�g�l�T l�onl��Oj�^ad�e�ghe/TVgh��f�Q�R �Cl ~ �V_`e/g*^`TVZ/_ } oVe 2 � } TVoV^`TCU j��Ve�e/^`Ute/T�dyl�_ } e�g���fh� ~
2 e�_`�TP	P��Ve�Tzj��Ve�On�TP ^`g�TVe�l�fh_ 3 } TV^X���tf ~ l�TVo�j��Ce��:e�gigh^�lyT
l��C�Vfh�4lyZ¥�Ve�g W�e/fh�VQGk¨�tT4dte/fhgie�_ 3 W
j��Ce e�^aUte�T4dyl�_ } e�g�lyfhe Z�l��V�8e�o¬��fh� ~ l 2 �]dte ^`T jh�Ve dN^`Z/^`TV^Xj 3 ����gh�V�NZ¥ª�g P��Ve�fie j��Ve ��e/ghgh^`l�T
2 e�Z�� ~ e/g¨dN^`fij } l�_a_ 3 } T 2 � } TVoVe/o�^`T jh�VeLTV��f ~ l�_�oC^`fhe/Z/jh^`�tTcQ��ETV�yj��Ve/fmoV^[e�Z } _aj 3 Z-l�T�lyfh^`gieE^aT
2 � } TVonlyf 3 _`l 3 e�fig P��Ve�T�j��Ce�Y
l�Z¥��T } ~�2 e�f��nl�gighe/g�jh�Vfh� } Ut��Z } frdte/g:�y��^aT�One/Z/j�^a�tT��tfm_`l 3 e�fig
��� dte/f 3 _a�TP Z } fidylyj } fheyQ � T��Vf�l�Z�j�^aZ�eLj��C^`g ~ l 3 fie�g } _aj�^aT�TVe-l�fi_ 3 ^`gi��j�fi�t�V^`Z�e�_ae ~ e�T4j�g P�^Xj��V^aT
j��Ce 2 � } TConl�f 3 _�l 3 e/f�lyoMRhl�Z�e/T4j:jh��j��Ve�P¨l�_`_ Q

�n�tf�g 3 gijhe ~ g����c���*R�g�^`T4dt��_adN^`TVU ~ } _ajh^`�V_aeGoVe/��e/TVoVe/T�j�dyl�fh^`l 2 _ae�g�Wyj��Ve�Z¥�V�t^aZ�e����xl*gh^aTVUt_`e
ghZ�l�_�lyf ~ l 3 TV��j 2 e�l��V�Vfi�t�Vfh^`lyj�eyQmk¨� ~�2 ^`TVlyj�^a�tTVgm���+ghZ�l�_�l�fig�Z-l�T 2 e } gie�ocW 2 } j�j��Ce�l��C�Vfh�DV
�Vfi^�lyjhe"P¨e/^`Ut�4jh^`TVUK^`g } TVZ�_ae-l�f/Q kml�grj�fh�QYO� �

�
l W �
	 �*� 3 � q]u��mg } UtU�e�gij } gi^`TVU	jh�Ve ��� 	 �
���#�&�
	 �����

���
	 ���$�*l�ghgi�OZ/^�lyjhe�o0P�^ajh�[ly_`_�jh�Ve�Z��tTCghe�frdylyj�^Xdte�d�lyfh^�l 2 _`e/gm����j��Ve�g 3 grj�e ~ Q����V^`g:l ~ � } T4j�gmjh�
l��V�Cfh���O^ ~ lyj�^aTVU j��Ve ~ e/j�fi^`Z�jh�nlyj ~ ^aTV^ ~ ^XW/e�gEjh�Ve ~ l �O^ ~ } ~ ^aT4j�e�fi����_�lyjh^`�tT	e/fhfi�tf��]d�e�f�l�_`_
dyl�fh^`l 2 _ae�g�Q � TVZ/�tfh�8�tfhlyj�^aTVU�l�_`_xjh�Ve�Z��tTCghe�frdylyj�^Xdte�d�lyfh^�l 2 _`e/g�^`T4j��%j��Ve��:e�ghgi^�l�T[Z-l�_aZ } _`lyj�^a�tT ^ag
l�T ^ ~ �Cfh�]dte ~ e/T�j¨�]dte�f } gh^aTVU�l�gi^`TVU�_`e:ghZ-ly_�l�f�d�lyfh^�l 2 _`eyQ����TPGe/d�e�f�WCTV� R } grj�^a�VZ-lyjh^`�tT�^`g¨U�^adte/T
���tf:Z¥�V�N�tgh^aTVU�jh�Ve�Z/�tTVgie�fidylyjh^ad�e�dyl�fh^`l 2 _ae�g��]dte/f*l�T 3 ��j��Ce�f:ghe/jE����dyl�fi^�l 2 _ae�g/Qm� } fijh�Ve�f ~ ��fhe�W
j��Ce�^`f¨Z�fh^Xj�e/fh^`��T gijh^`_`_§���NZ } gie�g��tT j��Ce*^`T4j�e/fh�8�t_�lyjh^`�tT�e�fifh�tf�ly_`�tTVeyW.P�^Xj��V� } j�l�oVoVfie�gigh^`TCU��yj��Ve/f
gh� } fhZ/e�g:���+e/fhfi�tf�Q

kml�gijhfh�MYN� �
�
l W �
	 �*� 3��nl-d�e�gi�V�TP�T�jh�nlyj�l�TC^`gh�yj�fh���V^`Z�l�_`_ 3 l�onl��Cjhe�o�Utfi^`oVgx����fc�V^`U��NY.a�e 3 TV�t_aoVg�Y

T } ~�2 e�f On�TP�g���� j�e/T 3 ^ae�_aoz�8�N�tf 2 � } TVonlyf 3 _`l 3 e�f�fhe/gh�t_ } j�^a�tT�l�TVo�^aTnl�Z�Z } f�l�j�e*ghª�^aTz��fi^`Z/jh^`�tT
e�grj�^ ~ lyjhe�g/Q����C^`g�^`g�lyjij�fi^ 2 } jhe�oKj���j��Ce�TV��T } TV^a���tf ~ ^Xj 3 ^aT�j��Ve%oV^agij¥lyTVZ�e�����j��Ve��nfigij�_�l 3 e/f
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����TC�OoVe/g:jh��jh�Ve P¨l�_a_MQm���Ve 3 fie�Z/� ~�~ e�TCo ~ �OoC^a� 3 ^`TVU�jh�Ve ~ e/jhfh^aZ�TCe-l�f�j��Ve 2 � } TVonl�fi^`e/g�^aT
�tfioVe�fLjh��� 2 j¥ly^`T�l � ' ������� � �
	 \ � � �����*��Utfi^`o	^aT�TVe-l�f�V P¨l�_`_�fhe/Ut^`�tTCg�Q����V^`g*fie�� } ^`fie�gLjh�Ve } ghe/f
j��%gi��e/Z�^a� 3 l�gi�nl�Z�^aTVU%�nl�fhl ~ e�j�e/fm���tfmj��Ve*�nfigij:_�l 3 e�f�����e�_`e ~ e/T4j�g�TVe-lyf�jh�Ve�Pmly_`_MQ

���Ve%� } jh� } j4V 2 l�gie�owl�onl��Cjh^ad�e ~ e�j��V�No } ghe/ow^aT	j��Ve��Cfhe�gie�T4j P¨��fhª	^ag*l 2 _ae�j���l�_a_`e/dN^`lyj�e
gh� ~ e�����j��Vezly���tfie ~ e�T4j�^a�tTVe/o gi�V�tfijhZ�� ~ ^`TCUtg����L� } fhe[��e/ghgh^`l�T.V 2 l�ghe/o@l�oVl��Cj¥l�j�^`��TcW&P��C^`_`e
~ l�^`T4j¥ly^`TV^aTVU�l[fi^`Ut�tfi� } g�_`^aTVª
j��zj��Ve�� } TVZ�j�^`��Tnl�_�e�fifh�tf/Qz���Ce l�TV^agh��jhfh�t�C^`Z�l�onl��Cjh^ad�e l�_aUt�DV
fh^Xj�� ~ ~ e�fhU�e�g��:e�ghgi^�l�TNV 2 l�gie�o�^`TO���tf ~ lyj�^a�tT P�^aj���lyoMRi�t^`T4j�V 2 l�gie�o�e/fhfh��fme�grj�^ ~ lyjh^`�tTcQ�Y[e/jhfh^aZ
^`TO���tf ~ lyj�^a�tTz^`g*oVe/Z�� ~ ����ghe�oK^aT�jh� j��Vfie�e�oV^agijh^`TVZ�j*Z¥�nl�fhl�Z/jhe�fh^agijh^`Z�gL����fLe-l�Z¥�Ke/_`e ~ e�T4jgfLgh^[W�e�W
l�gi��e/Z/j�fhlyj�^a�VWNl�TVo��tfi^`e�T4j�lyj�^a�tTcQ+���Ce�Y
l�Z¥��T } ~�2 e�fm��e�gigh^`l�T ^`g } ghe/o j���� 2 j¥l�^aT grj�fhe�j�Z¥�V^aTVU
l�TVo �tfh^ae�T4j¥lyjh^`�tT�^`TO���tf ~ lyj�^a�tT����tf�e-l�Z¥��e/_`e ~ e�T4j�P��V^`_ae:jh�VeLl�oQRi�t^`T4jG^`TC���tf ~ l�j�^`��T�^ag } ghe�o jh�
oVe�j�e�f ~ ^aTVe*^ajhg�gh^[W�e�Q

� �	e��O�V_`^aZ�^aj�e_Zx�tfrj�^ag ~ l�oVe%j��
l-dt�t^ao¬_�l�fiUte�YNl�TVUt_ae�j�fh^`l�TVUt_ae�g*���tf�j��Ve l�TV^agh��jhfh�t�V^aZ�j�e�grj
Z-lyghe�g�^`T�jh�V^`g�PG�tfhª � Q�Pml 2 } �ghª�lzl�TVo � W�^[W � ¦����nl-dte�gh�V�TP�Twjh�nlyj*jh�Ve�l�Z�Z } f�l�Z 3 ���¨l��VTV^ajhe
e�_ae ~ e�T4j�ly�V�Vfh���O^ ~ lyjh^`�tT��tT�l�jhfh^`l�TVU } _`l�f e�_ae ~ e�T4j�oVe/Utf�lyoVe�g�lyg�j��Ce ~ l �C^ ~ } ~ l�TCUt_`e����nj��Ce
e�_ae ~ e�T4j*^agL^`TVZ/fhe�l�ghe/ocQ����V^ag*g } U�Ute�grj�g*j��nl�j*gijhfhe/jhZ¥�Ve�o � 2 j } ghe�V<l�TCUt_`e�jhfh^`l�TVUt_ae�gEZ/�tT4j¥l�^aTV^`TCU
�tTVe _�lyfhUteKl�TCUt_`e l�TVo jUPG�@g ~ l�_`_Ll�TVUt_ae�g�gh�V� } _`o 2 ewl-dt�t^aoVe�oxW�P��Ve�fie-l�g/W�jhfh^`l�TVUt_ae�g P�^ajh�
�tTVe g ~ l�_`_Gl�TVUt_ae l�TCo¬jUP¨��TVe�l�fh_ 3 fi^`Ut�4j�l�TVUt_ae�g�l�fie �Vfie/��e�fifhe/ocQK�ET l�Z/Z�e��Oj¥l 2 _ae�_`^ ~ ^Xj��tT
�V�TP _�lyfhUte�j��Ce _�lyfhUte/gij�l�TVUt_ae ~ l 3K2 e�oVe��8e�TCoVg��tT j��Ve�gh�8e�Z�^X�nZ ly�V�V_`^aZ-lyjh^`�tTxQ �n�tf�_`^`TCe-l�f
^`T4jhe�fh�8�t_`lyj�^a�tTcW a�^`�V�Vl � c ¢ �L�nlyg�gh�V�TP�T.j��nl�j�^a�*jh�Ve	� } TVZ�j�^`��T 2 e/^`TVU�^aT4j�e�fi����_�lyjhe�o@�nlyg�l
�V^aUt�V_ 3 �Cfhe/��e/fhfie�o�oV^afhe�Z�j�^a�tTcWOl�TVUt_ae�gmly�V�Vfh�tl�Z¥�V^`TCU�� ~ l 3 grj�^a_`_ 2 eEl�Z�Z/e��Cj�l 2 _aeL�Vfh�]dN^`oCe�o j��Ce
j�fi^�l�TCUt_`e�^`g*l��C�Vfh�t�Cfh^�l�j�e�_ 3 ��fh^`e/T4j�e�oxQ���e��Vfie�gie�T4j�g 2 � } TVoVg��tT	jh�Ve%^`T4j�e/fh�8�t_�lyjh^`�tT[e�fifh�tf*^aT
j�e/f ~ g�����jh�Ve*j�fi^�l�TVU�_`eEgi�nl��8e�lyTVo�j��Ve�ghe/Z��tTCo
oVe/fh^adylyjh^ad�e�g�����j��Ve*� } TVZ�j�^a�tTcQ

�n�tf�j��Ce oV^`fie�Z�j�^`��Tnl�_`_ 3 l�onl��Oj�e�o�U�fh^`oCg�^`T jh�V^`g�j��Ve/gh^`g/W�j��Ve�_`l�fhUte/gij�l�TVUt_ae ^`T l
j 3 �V^aZ-l�_
j�fi^�l�TCU } _�l�j�^`��T���� jhe�T�ly�V�Vfh�tl�Z¥�Ve�g���jh�KP�^ajh�V^`T
q � WC�nl�frj�^aZ } _`l�fh_ 3 ^`T �V^aUt�Ve/f a�e 3 TV�t_aoVg�T } ~ V
2 e�f:gh^ ~ } _�lyjh^`�tTCg�Q � e/d�e�frj��Ve/_`e�gig�Wxjh�Ve�l�onl��Cjh^ad�e�fie�g } _aj�g:^`TCoV^`Z�lyj�e*j��Vlyj�jh�V^`g:�nl�g:TV��j 2 e�e�T
l
gh^aUtTV^X�nZ-l�T4j��©l�Z�j��tf/W4^`T%fhe/U4l�fioVg�j���� } jh� } j�l�Z/Z } fhl�Z 3 WNP��Ve/TVe/d�e�f�j��Ve:l�oMRi��^`T4j4V 2 l�ghe/o�l�onl��Cjh^ad�e
Z�fi^ajhe�fh^`l��nl-dte 2 e/e�T } ghe/ocQ
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� Twk¨�nl��Cjhe�f�¢OWcjh�Ve%� } j�� } j�Y 2 l�ghe/owe/fhfh��f*Z��tfifhe�Z�j�^a�tTKl�TVoKUtfi^`oKl�only�Cj�^Xdte��Vfi�OZ/e�o } fie%^`g*oVe�V
ghZ/fh^ 2 e/oz^aT�oVe/j�l�^`_ Q+���Ve�Z¥�nly�Cj�e/f 2 e�U�^`TVg P�^Xj���l�oV^aghZ } ghgh^a�tT�����gh� ~ eL�Vfie�_a^ ~ ^`Tnl�f 3 Z��tTCZ�e��Oj�g
l�TVowoVe/�VTV^ajh^`�tTVg�l�gigh�NZ�^`lyj�e/o P�^Xj��wjh�Ve%� } TVZ/jh^`�tTVl�_�Z��tfifhe/Z/j�^a�tTKj�e�Z¥�CTV^`� } eyQ����Ve ~ e/jh�V�Now^ag
oVe/ghZ�fi^ 2 e�o P�^ajh�V^`T%l�Ute�TCe�f�ly_C��f�l ~ e PG�tfiª8W P�^Xj��V� } j�fhe/��e/fhe/TVZ�e�j���l*�nl�frj�^`Z } _�lyf+oV^aghZ�fie/jh^XW-l�j�^`��T
~ e/j��C�OocQ�� 2 fh^ae/��oVe�giZ�fi^`�Cjh^`�tTK����j��Ve%��^ae�fhZ/e�l�TVow\�^a_`e/g �S¢yuOWc¦4s ��Z��tfifhe/Z/j�^a�tT�j�e/Z¥�VTV^`� } e%^ag
�Vfi� dN^aoVe�oKp©l ~ �tfie�oVe�j¥l�^a_`e/o�jhfhe-l�j ~ e�T4j¨^agGU�^adte/T ^aT �E�C��e/TVoV^ ����v Q����Ve��Vfhe/ghe�T4j ~ e/jh�V�No�^ag
e�gighe/T�jh^�l�_a_ 3 l�T ly�V�V_`^aZ-lyjh^`�tT�����jh�Ve�^af ~ e�j��V�No P�^ajh�V^`T%l�T�l�_aUte 2 fhl�^`Z¨Z��tT4j�e��Nj-Q � T | e�Z�j�^`��T ¢NQ � W
j��Ce��Vfi�t�8�tghe/o�l�onl��Oj�^ad�e ~ e/jh�V�NoV�t_`��U 3 ^agGoVe/ghZ/fh^ 2 e�oxQ����Ve�� } TCZ/j�^a�tTnl�_ne/fhfi�tfG^ag�oVe�Z/� ~ �8�tgie�o
^`T4jh�[jUPG�	Z��tT4jhfh^ 2 } j�^a�tTVggf�l[Z�� ~ � } j¥l 2 _ae�jhe�f ~ l�TVo�lzfhe ~ l�^aTV^`TVU�e/fhfh��f�j�e/f ~ Q����Ve Z/� ~ V
� } j�l 2 _ae�jhe�f ~ ^`g�j��Ce�Z/�tfhfie�Z�j�^`��Tzjhe�f ~ j��nlyj:Z�l�T 2 e } ghe/o[jh��^ ~ �Vfi�]dteLj��Ce�l�Z/Z } fhl�Z 3 �y�+j��Ce
Z¥�V�tgie�T � } TCZ/j�^a�tTnl�_ Q+���Ve��Vfh�����tgie�o�lyonl��Cjh^adte�l�_aUt�tfh^Xj�� ~ ^`g�oVe�gi^`UtTCe�o jh��e�TC�nl�TVZ/eEj��Ve�� } l�_ V
^aj 3 ����jh�Ve�Z���fhfhe/Z/jh^`�tT jhe�f ~�243 fhe�o } Z�^aTVU	j��Ve ~ l�U�TV^aj } oVe�����j��Ve fie ~ l�^`TC^`TVUze�fifh�tf�j�e�f ~ Q
�EoVl��Cj�^Xdte��nl�f�l ~ e�j�e�figLl�fie�oVe/fh^ad�e�o 243 ^`T4dt��ªN^aTVU jh�Ve��Vfi^`TVZ/^`�V_ae��y��e�fhfi�tfEe/� } ^`oV^agijhfh^ 2 } j�^a�tTcQ
� TKj��Ve%�Vfi�t����ghe�o l�oVl��Cj�^Xdte%�Vfi�OZ/e�o } fie�W _`�NZ-ly_�e�_ae ~ e�T4j¥l�_+Z��tT4j�fi^ 2 } j�^`��TVgEj���jh�Ve%fhe ~ l�^aTV^`TVU
e�fifh�tfml�fhe*oVfi^ad�e�T�j��TP¨l�fhoVgmjh�Ve*g�l ~ eEdyl�_ } eEjh�Vfh� } Ut�V� } j¨j��Ve*oV� ~ l�^aTcW^P��V^`_aeEj��Ve*e/gijh^ ~ lyj�e/o
Ut_a� 2 l�_�fhe ~ l�^aTV^`TVU�e�fhfi�tf�^`g�fie�o } Z/e�ozj��TPmlyfhoVg�l } ghe/f�YNgi��e/Z�^a�Ve�o[jh�t_`e/f�l�TCZ�e�Q

� T[k¨�nl��Cjhe�f � WNj��VeL� } TVZ/jh^`�tTnly_�Z/�tfhfie�Z/jh^`�tT l�TVo�Utfh^aoNYOl�oVl��Cj�^Xdte:�Vfh�NZ�e/o } fie*^`g�l��C�V_`^ae�o�jh�
jUPG�MYNoV^ ~ e/TVgh^a�tTnl�_ W4^`T4dN^`ghZ/^`o]On�TP�gmZ��]dte/fh^aTVU�g } 2 gh�tTC^`Z�WNj�fhl�TVgh��TV^`ZyWCl�TCo g } ��e/fhgh��TV^`ZLfie�Ut^ ~ e/g�Q
���Ve�� } TVZ/jh^`�tTVl�_`g�Z/�tTVgh^aoVe�fie�o
l�fhe�j��Ve�_`^X� j-WVoCf�l�U�l�TVo ~ � ~ e�T4j�Z/�Oe_e�Z/^`e/T�jhgE�tT
l%dyl�fi^`e�j 3 ���
l�^afi���t^a_�Z/�tTC�nU } f�lyjh^`�tTCg�Q � gh��jhfh�t�V^aZ�Utfh^aoNYNfie/�nTVe ~ e/T4j*^`g*ly�V�V_`^ae�o	jh��^ ~ �Vfh�]dte�j��Ve�� } l�_a^aj 3 ���
j��Ce�Utfh^aoVg�Q��¬Z } fidylyj } fhe�Y 2 l�ghe/o�l�oVl��Cj�^Xdte ~ e/jh�V�Oo � uCW]uy¦��4^agc^ ~ �V_`e ~ e/T4j�e�oLjh��Z�� ~ �nl�fhlyj�^Xdte/_ 3
l�gighe�gig�j��Ve���e/fi���tf ~ lyTVZ�e����mj��Ce � } jh� } j�Y 2 l�gie�o ~ e/j��C�OocQz���Ve�� } j�� } j�Y 2 l�ghe/o ~ e�j��V�No ^ag
gh�C�QP�T j��KZ/� ~ �Vl�fhe �©l-dt��f�l 2 _ 3 ^aT¬j�e�f ~ g��y�E� } j�� } j�lyZ�Z } f�l�Z 3 W¨Z/� ~ � } j¥l�j�^`��Tnl�_¨e_e�Z�^`e/TVZ 3
l�TVozfhe/_`^`l 2 ^`_a^aj 3 Q

� Tzk¨�nl��Cjhe�fG¦VWOjh�Ve�� } TCZ/j�^a�tTnl�_§Z/�tfhfie�Z/jh^`�tT l�TVo Utfi^`oNYNl�onl��Cjh^ad�e ~ e/jh�V�NoV�t_`��U 3 ^`gGl��V�V_a^`e/o
j�� jUPG�MYNoV^ ~ e/TVgh^a�tTnl�_ WE_�l ~ ^aTnl�f�W�g } 2 gh��TV^`Z � l-dN^`e/f�Y | jh�tª�e/gAOn�TP�g����tf a:e 3 TV�t_`oCg[T } ~�2 e�fig
f�lyTVUt^`TCU ��fi� ~ c W £t£�£�jh� q-£t£CWS£t£t£CQ ���VeK� } TVZ�j�^a�tTnl�_ag�Z��tTVgi^`oVe/fhe/o l�fie�j��Ve _`^X� j�l�TVo!oVfhl�U
Z��Ne e�Z/^`e�T4jhg�^`T�l	gie�fh^ae�g��y�Ely^`fi����^`_�j�e/gij%Z�l�ghe/g�Q ���Ve�� } jh� } j�Y 2 l�ghe/o l�onl��Cjh^ad�e Z�fi^aj�e/fh^`l
l�fie
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^`TCZ��tfi���tfhlyj�e/o@^`T4jh� l�T l�TV^agh��jhfh�t�V^aZ
Utfi^`oNYNl�onl��Cjh^ad�e
�Vfi�OZ/e�o } fie�Q ���Ve�_`�NZ-ly_�e/_`e ~ e�T4j�gi^XW/e
^`g�oVe/jhe�f ~ ^aTVe�o } gh^`TCU � } jh� } j�Y 2 l�ghe/o�Z�fi^aj�e/fh^`lCW P��Ce�fhe�l�gLj��Ce�_`�NZ-l�_ grj�fhe�j�Z¥�V^aTVU�l�TVo
�tfh^ae�T4j¥lMV
j�^a�tTz^`g 2 l�ghe/o	�tT
jh�Ve�Z/� ~ � } j�e/o�Y
lyZ¥�	T } ~�2 e�fL�:e�gigh^�lyTcQ���T	l�TC^`gh�yj�fh���V^`Z�Utfi^`oNYOlyonl��Cjh^adte
~ e/j��C�Oo 2 l�ghe/o�e��OZ�_ } gh^Xdte�_ 3 ��T�j��VemY
l�Z¥�%T } ~�2 e�f��:e�ghgi^�l�T � q]uOWOq]sOWt¢�	NWy¦4{ �C^ag+^ ~ �V_ae ~ e�T4j�e/o
���tf�j��VeG� } fh�8�tgie�g����nZ/� ~ �nl�fh^agh�tTxQ����Ve¨�Vfh�t�8�tgie�o�� } jh� } j�Y 2 l�gie�o ~ e/j��C�Oo�^ag+gi�V�TP�T�j��LZ/� ~ V
�nl�fie:d�e�f 3 �©l-d��tf�l 2 _ 3 ^aT�jhe�f ~ g����c� } j�� } jml�Z/Z } fhl�Z 3 lyTVo Z/� ~ � } j¥lyjh^`�tTVl�_Ve e�Z/^`e�TCZ 3 fhe/_�lyjh^adte
j��%� } fhe���e/ghgh^`l�TNY 2 l�ghe/o	l�only�Cj¥lyjh^`�tTxQ

k¨�nl��Cjhe�f c Z/�tTVZ�_ } oVe/g�P�^aj��Kl g } ~�~ l�f 3 �y��j��Ve�jh�Ve�gi^`g�W l oCe�_`^aTVe-l�j�^`��T
����j��Ce��Vfh^ ~ lyf 3
Z���T�jhfh^ 2 } j�^a�tTVg/W+l�TCo g } UtUte�grj�^a�tTVg�����f�� } j } fie]PG�tfhª§Q � T ���V�8e�TVoV^��w��W j��Ve�� } j�� } j�Z/�tfhfie�Z�V
j�^a�tT���lyonl��Cjh^adte ~ e/jh�V�No[^ag�ly�V�V_`^ae�o�j���l \�l�_ae�fhª�^aT��VTV^ajhe�YNe/_`e ~ e�T4j:oV^aghZ�fie/jh^XW-l�j�^`��Tz�y��ghZ�l�_�l�f
Z���T�d�e�Z�j�^`��TNYNoV^ Z } gi^`�tTxQ����Ve�� } TVZ�j�^a�tTnl�_ Z/�tfhfie�Z/jh^`�tTzj��Ve/�tf 3 Wxgi��e/Z�^�ly_`^XW/e�o����tf�l�_`^aTVe-lyf��Vfh� 2 V
_`e ~ WN^`gG�Vfhe/ghe/T�jhe�oz^`T ��QS¦CQ��E�V�8e�TVoC^ � � �Vfhe/ghe�T4jhg�jh�VeLZ/�tT4j�^`T } � } g�l�oMRi��^`T4jmZ/�tfhfie�Z/jh^`�tT�j��Ve�V
�tf 3 ������^`e/fhZ/e�l�TCo�\*^`_`e/g �S¢ c W�¢�uOW§¦4s ��l�TVo
oCf�l P�gLl�TVl�_`�tU�^`e�g�P�^aj��zj��Ve�l�_aUte 2 fhl�^`Z�ly�V�Vfh�tl�Z¥�
e ~ �V_a� 3 e�oz^`T�j��Ce�Z } fhfie�T4j P¨��fhª§Q

���



� � ��� ��� 	 �

� 	 � � � � � � � � � � ��� �?� 	 � � � � � � ��� � �

� � � � � �
	

� Z��tfifhe/Z/j�^a�tT�j�e/Z¥�VTV^`� } e�l�TVozUtfh^ao�l�onl��Oj�^ad�e ~ e�j��V�NoV�t_a�tU 3 ����fm� } TVZ/jh^`�tTVl�_c� } jh� } jhg�^ag��Vfhe�V
ghe/T4j�e�oxQ����Ve�� } TVZ/jh^`�tTVl�_CZ/�tfhfie�Z/jh^`�tT�jhe�Z¥�VTV^a� } e�^`g 2 lyghe�o��tT%l*oV^aghZ�fie/jhe�l�oMRi�t^aT�j+���tf ~ } _�lyjh^`�tT
j��VlyjEfie�_`lyj�e/g:jh�Ve�_a�OZ�l�_ fhe/gh^ao } l�_ e�fifh�tfig�^aTzjh�Ve On�TP gh�t_ } j�^a�tT�j���jh�Ve�Z��tfifhe�gi����TVoV^`TCU Ut_a� 2 l�_
e�fifh�tf+^`T�j��Cem� } jh� } j-Q+�@Z��tfifhe/Z/j�^a�tT�j�e/f ~ ^`g�jh� } g�oVe�fi^ad�e�o%j��nlyj�Z-l�T 2 e } gie�o%j��*^ ~ �Vfi� d�e¨j��Ce
l�Z/Z } fhl�Z 3 ���nj��Ce¨Z¥�V�tgie�T%� } jh� } j+�tTVZ�eml�T�l } �O^a_`^�lyf 3 l�oQRi�t^`T4j��Vfh� 2 _`e ~ �nlyg 2 e/e�T�gi�t_ad�e�ocQ+���Ve
�Vfi�t����ghe�o l�onl��Oj�^ad�e ~ e/jh�V�NoV�t_`��U 3 ^ag 2 l�ghe/o �tT�fhe�o } Z�^aTVU�jh�Ve ~ l�UtTC^aj } oVe����xjh�Ve:fhe ~ l�^aTV^`TVU
e�fifh�tf�^aT�j��Ve�� } TVZ�j�^a�tTnl�_ W4ly� j�e/f�Z��tfifhe�Z�j�^a�tTcQ+��onl��Cjh^ad�e:�Vl�f�l ~ e/jhe�figGlyfhe�oVe/fh^ad�e�o 2�3 ^`T4dt�tª�^aTVU
j��Ce��Vfh^aTVZ�^a�V_`e����:e�fhfi�tf�e�� } ^aoV^`grj�fi^ 2 } jh^`�tTxQK� } fh^aTVU�l	j 3 �V^`Z�l�_ml�oVl��Cj�^Xdte�gi^ ~ } _`lyj�^a�tTcW�_`�NZ-l�_
e�_ae ~ e�T4j¥ly_�Z/�tT4j�fi^ 2 } jh^`�tTCg�jh�[j��Ce�fie ~ l�^`TV^aTVU�e�fifh�tf�l�fhe�oVfh^Xdte/Twj��TP¨l�fhoCg�l[Z/� ~�~ �tTKdyl�_ } e
j��Cfh� } U��V� } j�jh�Ve�oV� ~ l�^`T P��V^`_aeGj��Ce�e�gijh^ ~ lyj�e/o�Ut_`� 2 l�_Cfie ~ l�^`TC^`TVU�e�fhfi�tf�^`g+fhe�o } Z�e/o�jh�QP¨l�fioVg
l } gie�f�Y�gh�8e�Z�^X�ne�ozj��t_ae�fhl�TVZ�eyQ����Ve*Z���fhfhe/Z/jh^`�tT��yl�onl��Cjh^ad�e ~ e�j��V�NoV�t_a�tU 3 ^`gm�Cfhe�gie�T4j�e/oAP�^Xj��V^aT
l�Ute�TCe�f�ly_c��f�l ~ e PG�tfhª§W�P�^Xj��V� } j�fhe/��e/fhe/TVZ�e�j���l��nl�fijh^`Z } _�l�f¨oV^`giZ�fhe�j�^[W-lyjh^`�tT ~ e/jh�V�OoxQ

� ��� ����� ���-� � � ������� & ������)*�����/���

���V^ag¨ghe/Z/jh^`�tT 2 e�U�^`TVg
P�^ajh� gh� ~ e:�Vfhe/_`^ ~ ^`TVl�f 3 oVe/�nTC^aj�^a�tTVg�fhe/_�lyjhe�o jh��j��Ce ~ e�Z¥�nl�TC^`Z�gG��� j��Ce
� } TVZ�j�^a�tTnl�_nZ/�tfhfie�Z/jh^`�tT%j�e/Z¥�VTV^a� } e�W.P��C^`Z¥� ^ag�e�ghgie�T4j�^`l�_`_ 3 l�T�l�_`Ute 2 f�ly^`Zmdte/fhgi^`�tT����xjh�VeL��^`e/fhZ/e
l�TVo�\�^a_`e�g�� ¢�uOWN¦4s � ~ e/jh�V�OoxQ����Ve�� } TVZ/jh^`�tTnly_8Z/�tfhfie�Z�j�^`��T�j�e/f ~ ^`g�oVe/fh^ad�e�o ^aT | e/Z/jh^`�tT ¢OQaq�Q ¢OQ
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k¨�4l�fhgie�\�fi^`o p����¨v ��^`TVe�\*fh^ao p����yv
k¨�nlyf�l�Z�j�e�fi^`grj�^`Z�R�_ae ~ e�T4j | ^XW/e � �

�L^aghZ/fhe/jhe | �t_ } j�^a�tT ��� ���
a:e/gh^ao } l�_ R�� } lyjh^`�tTCg 	
�Lp����¨v � £ 	��Np
����v � £
� } TVZ�j�^a�tTnl�_ � } jh� } j ���Ep����¨v ����p
����v

��l 2 _ae�¢OQXq f � � ~ e�TCZ�_�l�j } fie�l�ghgi�OZ/^�lyjhe�o0P�^aj���Z/�4l�fhgie_V¨l�TVo��nTCe_V U�fh^`o�� } l�T4jh^aj�^ae�g

��������� � �$,  ��4* ����
F������,�� ��� ��������%

���Ve��Vfi^ ~ l�f 3 Ut�tl�_+^agEj���e/gij�^ ~ l�j�e�l�T�^aT4j�e�U�f�l�_�� } l�T4j�^aj 3 ��p
�Lv:jh�nlyj*Z�l�T 2 e P�fh^ajij�e/Twlyg*l
TV�tTC_`^`TCe-l�f�� } TVZ/jh^`�tTnly_¨���:j��Ve�gi�t_ } jh^`�tT��$j�� l�g 3 gijhe ~ ���:�nlyfij�^`l�_¨oC^[Z�e�fhe/T4j�^�ly_me�� } lyjh^`�tTCg
p ���*R�g¥v Qm���Ve����*R�g�l�fie�oVe��nTVe/o	�]dte�f�l��C� 3 gi^`Z-ly_�oC� ~ ly^`T�oVe�TC��j�e/o 243 �LQ�k¨�tTVgi^`oVe/f:jUPG�
oV^agij�^aTVZ/j�Z�� ~ � } j¥lyjh^`�tTzUtfh^aoVg�j��nlyjEl��V�Cfh���O^ ~ lyj�e�j��Ve��V� 3 gh^`Z�l�_�oV� ~ l�^`TGf¨l Z��tl�fhgie�Utfi^`o����
l�TVo�l*�nTVe:Utfh^ao ���4Q+���VeE�nlyf�l ~ e/jhe�fhg � l�TVo �	p �"! �§v�fhe/�Vfhe/ghe/T�j¨Z¥�nl�fhl�Z/jhe�fh^agijh^`Z�_`e/TVU�j��Cg
l�gigh�NZ�^�l�j�e�o P�^Xj�� e�l�Z¥��Utfh^ao g } Z¥�[lyg¨j��Ve�l-d�e�f�lyUte*e�oVU�eL_`e/TVU�j���^aT�l��nTC^aj�eEe�_`e ~ e/T4j��tfG�VTV^ajhe
dt��_ } ~ emj�fi^�l�TVU } _�lyjh^`�tTxWy�tf�j��Ve:l-dte/f�l�Ute�Utfi^`o�gi�nl�Z�^aTVU�^`T�lE�nTV^Xj�e�oV^ Zxe/fhe/TVZ�e:l��V�Cfh���O^ ~ lyj�^a�tTcQ
���Ve�TV�tTV_a^`TVe�l�f�g 3 gijhe ~ �y��oV^`giZ�fie/j�e�fhe/gh^`o } l�_ e�� } lyjh^`�tTCgLl�fi^`gh^aTVU%��fh� ~ gi� ~ e�oV^aghZ�fie/jh^XW-l�j�^`��T
����j��Ce��tfh^aUt^`Tnly_G���*R�g��tT¬jh�Ve�Z��4lyfhghe�U�fh^`o ^`g�oVe/TV��jhe�o�	
�Lp����¨v � £OWbP��Ve�fie#��� ^ag�j��Ce
Z���fhfhe/gh�8�tTVoV^aTVU%oV^`giZ�fie/j�e�gi�t_ } jh^`�tT �tT�j��nlyj�U�fh^`oxQ����Ve�oV^`giZ�fie/j�e�l��C�Vfh���O^ ~ lyj�^a�tT �y�$��p��Lv¨�tT
j��CezZ/�4l�fighezUtfh^ao } gh^aTVU l��Vfie�giZ�fh^ 2 e/o � } l�oCf�lyj } fhe�f } _`e�^`g%oVe/TV��jhe�o%�&�Lp����¨v Q ��Tnl�_a�tUt� } g
� } l�T4j�^Xj�^ae�g�l�fie�oCe/�nTVe/o[���tfmjh�Ve*�nTVe�Utfi^`ozl�g�g } ~�~ l�fh^[W�e�o�^aT��+l 2 _`e�¢OQXqtQ

k¨�tTVgi^`oVe/f�j��Ve � � �����#� ����� /�l�g 2 e�^aTVU�fhe/�Vfhe/ghe�T4j�lyj�^Xdte�����l
j 3 �V^`Z�l�_ PG�tfhª�^`TCU U�fh^`o �G�tTCe
j��Vlyj ~ ^aUt�4j 2 e } ghe/o ^aT l�oVe�gi^`UtT Z���T�jhe��Nj-W����tf*e��Cl ~ �V_`eyW���f�gi� ~ e�ly�V�V_`^aZ-lyjh^`�tT�fie�� } ^afh^`TCU
f�ly�V^`o�gi^ ~ } _`lyj�^a�tT%j } fiTV�]dte�f/Q�« �V^`_aeEj��Ve*Z/�4l�fighe*Utfi^`o ~ l 3 2 e*fhe/U4l�fhoCe�o�l�g�lDZ��tfionl 2 _ae�P�^ajh�
fhe/gh�8e�Z�j j��wl-dyl�^`_`l 2 _`e�Z/� ~ � } j�^aTVUKfhe/gh� } fiZ�e/g�l�TVo l�_`_a�QP¨l 2 _ae�gh�t_ } j�^a�tT�j�^ ~ e/g�W¨^Xj ~ l 3 TV�yj
�Vfi� dN^aoVe%g } e�Z�^ae�T4j�l�Z�Z } f�lyZ 3 ���tfEjh�Ve%^`T4j�e/TVoVe/o l��C�V_`^aZ-lyjh^`�tTcQ�Y[�tfie%�Vfhe/Z�^`gie�_ 3 W ^aj ~ l 3 TV�yj
�Vfi� dN^aoVe�l%g } e�Z�^ae�T4j�_ 3 l�Z�Z } f�l�j�e�� } j�� } j'�&�Ep
���¨v Q

���Ve � �
������� / ^ag%Z��tTVgi^`oVe/fhe/o j�� 2 e[lwU�fh^`o ���E^ ~ �Vfh�]dte/o fie�gh��_ } jh^`�tT fhe/_�lyjh^adte�jh�wj��Ce
Z��tl�fhgie Utfi^`ocQ | �t_XdN^`TVU[�tTwjh�Ve �nTVe�Utfh^ao PG� } _ao¬Ute�TCe�f�ly_`_ 3	2 e�e��O��e/TVgh^XdteyW��C�QPGe/d�e�f/W�^X�mj��Ce
oV^aghZ�fie/jhe[gi�t_ } jh^`�tTSPGe�fie
� 2 j�l�^`TCe�o �tT jh�V^`g%Utfi^`ocW�j��Ce[Z/� ~ � } j�e/o � } jh� } j PG� } _`o �nl-dte[^`T.V
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Fine grid (N = 2)

Coarse grid

Fine grid (N = 7)

Coarse grid

Coarse grid

Airfoil boundary

�+^aU } fhe�¢QV¥q f��Ij 3 �V^`Z�l�_mZ��tl�fhgiezU�fh^`o¬l�TVo�jUP¨� �8�tghgi^ 2 _ae �nTVe�Utfi^`oVg�jh�nlyj ~ l 3¬2 e } ghe/o ^aT
j��CeK� } TVZ/jh^`�tTnly_LZ��tfifhe/Z/j�^a�tT �Vfh�NZ�e/o } fie�Q � e/� j f �nl�j�Z¥�!����Z/�4l�fighe_V Utfh^ao e�_`e ~ e/T4j�g�TVe�l�fzl�T
l�^afi���t^a_ 2 � } TVonlyf 3 ��Z/e�T4j�e/fgf g } �8e�fh^ ~ �8�tgie�o �nTVe Utfh^ao!Z/�tfhfie�gi���tTCoV^`TVU j�� 
 � ¢ ��fh^aUt�4j f
g } ��e/fh^ ~ �8�tghe/oz�nTCe�Utfi^`o�Z��tfifhe/gh�8�tTVoV^aTVU�jh� 
 � 	OQ � ��j�e�j��Vlyj�j��Ve��nTVe�Utfh^aoVg�Z��tTO���tf ~ jh�
j��Ce���fh^`U�^`Tnl�_�l�^afi���t^a_ 2 � } TVoVl�f 3 Q

Z�fie-l�gie�o l�Z�Z } f�lyZ 3 ���tf�j��Ve��nlyfij�^aZ } _`l�f�ly�V�V_`^aZ-lyjh^`�tTxQ � T�jh�Ve��Vfhe/ghe/T�j PG�tfhª§W�j��Ve��nTCe�Utfh^ao
^`g%j¥lyª�e�T j�� 2 e
l } TC^a���tf ~ fhe/�VTVe ~ e�T4j �y�Ej��Ce
Z��tl�fhgie[Utfi^`ocQ �mj j��Ce 2 � } TVoVl�fh^ae�g����Lj��Ce
oV� ~ l�^aTz^Xj�^`g ~ l�oVeLj���Z���TC���tf ~ jh��jh�Ve��V� 3 gh^`Z�l�_ 2 � } TVonl�f 3�� �LQ��n�tf�e��Cl ~ �V_`eyWn^a�����@^`g:l
jUPG�DV oV^ ~ e/TVgh^a�tTnl�_Oj�fh^`l�TVU } _�lyjh^`�tTcWy�tTVe P¨l 3 ���xZ��tTCgij�f } Z/jh^`TVU ���L^ag�j���g } 2 oV^adN^aoVe�e�l�Z¥� �y�xj��Ce
j�fi^�l�TCUt_`e/g¨��� ��� ^aT4j���l�T�^aT4j�e�U�e�fmT } ~�2 e�f/W 
���WV��� ghe/_a� V gh^ ~ ^`_`l�f�j�fi^�l�TCUt_`e/g�P��Ve/fhe 
 � ��� � Q
���Ve��nTVe_V Utfh^ao 2 � } TConl�f 3 TV�NoVe/gLl�fie�jh�Ve�T	fie��8�tgh^Xj�^a�tTVe�ozgh� l�g�j�� Z/�t^`TCZ�^`oCe P�^Xj�� � �LQ:���V^ag
~ l 3 l�_`gi��fhe/� } ^`fhe�jh�Ve ~ �]d�e ~ e�T4j����¨gi� ~ e�^`T4j�e/fh^a�tfLTV�NoVe�g�l�oQRhl�Z�e/T�j�jh��jh�Ve 2 � } TVonlyf 3 ^aT
�tfioVe�f¨jh� ~ l�^`T4j¥ly^`T%j��VeL� } ly_`^aj 3 lyTVo�^`T4j�e/Utfh^Xj 3 ��� j��Ve:�nTVeLU�fh^`oxQ��+^`U } fheL¢QV¥q�gh�V�TP�g�l��nl�j�Z¥�
���§e/_`e ~ e�T4jhg�^`T�l:j 3 �C^`Z-ly_CZ��tl�fhgiemUtfh^ao�l�TVo�jUPG�*�8�tghgi^ 2 _aeG�nTVe�U�fh^`oCg+Z���fhfhe/gh�8�tTVoV^aTVUEjh� 
 � ¢
l�TVo 
 � 	OQ � ��jhe�jh�nlyj�lz�C^`e�fhl�fhZ¥� 3 ���G�nTVe�Utfh^aoVg�Z��tfifhe�gi����TVoV^`TCUzjh� 
 � ¢ � � � � � ��Z�l�T
2 e�Z���TVgijhf } Z�j�e�oK^aT[j��C^`g�P¨l 3 l�TCo
j��nl�jLe-lyZ¥��Utfh^ao
^`Tzj��Ve��V^`e/f�l�fiZ¥� 3 PG� } _`o 2 e�Z�� ~ �V_`e�j�e/_ 3
Z¥�nl�fhl�Z/jhe�fi^XW�e/o 243 
�P�^ajh��fhe�gi��e/Z/j:j���j��Ce���fh^`U�^`Tnl�_8Z��tl�fhgie�Utfi^`ocQ

� � ���I^ag�l�jh�Vfhe/eKoV^ ~ e�TVgi^`�tTVl�_EUtfi^`o.Z/� ~ �8�tgie�o ����j�e/jhf�l��Ce�oVfhlCW*l�gh_a^`Ut�4j�_ 3 oC^[Z�e�fhe/T4j
l��V�Cfh�4l�Z¥��^`g�fhe�� } ^afhe/o�gh^aTVZ�eG^aj�^`g�TV��j��8�tgigh^ 2 _`e�j��Eg } 2 oV^adN^`oCeml:jhe/jhf�l��Ve/oVfh��T�^`T4j���ghe/_a� V gi^ ~ ^`_`l�f
j�e�j�fhl��Ve�oCf�lCQ���_ajhe�fhTVlyj�^Xdte�_ 3 WNl%q faq]¢�fie/�nTVe ~ e/T4jmf�l�j�^`��Z�l�T 2 e�l�Z¥�V^`e�dte/o 243 l�oVoV^aTVU�TC�OoVe/g�jh�
j��Ce ~ ^`o.V ���t^aT4j�g ���ne�l�Z¥�����Cj��Ve�e�oVU�e�g����Oj��VeG�tfh^aUt^`TVl�_�j�e�j�fhl��Ve�oCfh�tT�lyTVo 243 l�oVoV^aTVU���TVe ~ �tfhe
TV�NoVeEjh��^ajhg¨Z�e/T4j�fh��^`ocQ����Ve�ly�V�V_`^aZ-lyjh^`�tT���� jh�V^`gGg 3 gijhe ~ lyj�^aZLfhe��nTVe ~ e�T4j�ly_`Ut�tfi^ajh� ~ j���e�l�Z¥�
j�e�j�fhl��Ve�oCfh�tTK^`T[j��Ve�Z/�4l�fhgie�Utfh^ao PG� } _`o 3 ^ae�_`oKl _ae�Ut^Xj�^ ~ lyjheL�nTVe�Utfi^`o	���tf:j��Ve�� } fh�8�tghe/g*���
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j��CeLe�fifh�tfme/gijh^ ~ lyj�^a�tT��Cfh�NZ�e�o } fheyQ�a�e�Z } fhgi^ad�e*fhe��8e/jh^ajh^`�tT���� j��V^ag¨�Vfi�OZ/e�gig P¨� } _`o�fhe/g } _Xjm^aT�l
�V^ae�f�lyfhZ¥� 3 �y� Utfh^aoVg
P��Ve�fieLe-l�Z¥��g } Z�Z/e�gigh^ad�e*Utfh^ao`PG� } _ao 2 e�e ~�2 e�oCoVe�o P�^Xj��V^aT�jh�VeE�Vfie/dN^`� } g
�tTVeyQ��EgG^`T%j��Ve�jUPG�DV oV^ ~ e/TVgh^a�tTnl�_CZ-l�gie�WCe�l�Z¥���VTVeEUtfi^`o%gh�C� } _`o 2 e ~ l�oVe�j���Z��tTO���tf ~ jh��j��Ce
�V� 3 gh^aZ-l�_ 2 � } TVoVl�f 3 W � �LQ

���VemUt�tl�_�^`T�jh�Ve¨g } 2 ghe/� } e�T4j�ghe/Z/j�^a�tTKP�^a_`_ 2 e�j���� 2 j¥ly^`T�lyT�l�Z�Z } f�l�j�eme/gij�^ ~ l�j�e���� ���Np�����v
P�^ajh�V� } j�e/d�e�f�gi�t_adN^aTVU���T�j��CeG�nTVeGUtfh^aocQ����Ve¨�tTC_ 3 l } �O^a_`^�lyf 3 Z/� ~ � } j¥lyjh^`�tTCg-P�^a_`_ 2 e¨fie�gh^ao } l�_
e/dyl�_ } lyjh^`�tTVg�l�TVo�^aTVTVe/fL�Vfh�No } Z�j�gL��T	j��Ve��VTVe�Utfh^aocW�l�TVo	j��Ce�gh�t_ } j�^a�tT
����l _a^`TVe�l�f�l�oMRi�t^aT�j
�Vfi� 2 _`e ~ �tT�j��Ce�Z/�4l�fighe�Utfh^aocQ

�������
� ����������������

 ' �&�$�$, ������� �

� T�j��V^ag�ghe/Z/jh^`�tTcWtjh�Vem���NZ } g�P�^a_`_ 2 e���T�oVe�fi^adN^`TVU�lLZ/�tfhfie�Z�j�^`��T�j�e�f ~ ���tf�j��Ve�e/fhfh��f�^`T�jh�Vem�nTVe�V
Utfi^`oK� } jh� } j�o } e�j��[l���e/fij } f 2 l�j�^`��T ^aT�j��Ve%�nTVe�V Utfi^`oKgh�t_ } j�^a�tTcQ � TKj��Ve%�Vfie�gie�T4j�Z/�tT4j�e��Nj�W
j��CeE�8e�fij } f 2 e�o gh�t_ } j�^a�tT]P�^a_`_ 2 e�� 2 j¥l�^aTVe�o 243 �Vfi�t_`�tTCU4lyj�^aTVU*j��Ve�Z��4lyfhghe�V Utfi^`o�gh�t_ } j�^a�tT���T�jh�
j��CeE�nTVeLU�fh^`oxQ � T�Ute/TVe�fhl�_MWN�V�TP¨e�dte/f�Wn^ajGZ�� } _`o 2 eE� 2 j¥l�^aTVe�o���fh� ~ ��jh�Ve�fGgh� } fiZ�e/g�g } Z¥�zl�g¨l�T
l�g 3O~ �Cjh��j�^aZ�e��O�nl�TVgi^`�tTcW�l%fhe�o } Z�e/o��tfhoVe/f ~ �NoVe�_ WV�tf�l�T
e/T�jh^`fie�_ 3 oV^[Z�e�fie�T4jEoC^`ghZ/fhe�j�^XW�lyj�^a�tTcQ
���Vem^ ~ �8e/j } g�����f�j��C^`g+�Cfh�NZ�e�o } fhem^ag�jh�VemZ���fhfhe/Z/jh^`�tT�jhe�Z¥�VTC^`� } e����8��^`e/fhZ/e�l�TVo%\*^`_ae�g �S¢yuCWy¦ts��MQ
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j��Ce�e��Cl�Z/j�gi�t_ } jh^`�tT��y�Gjh�Ve��Vfh^ ~ ly_+fhe/gh^ao } l�_�e/� } lyj�^a�tTVg*�tT�jh�Ve��nTVe�Utfi^`ocQ����Ve%��e/fij } f 2 e�o
gh��_ } jh^`�tT�^ag�oVe�TV�yj�e�o������l�TCo[^ag�oVe/�nTCe�o 243
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��^`g�l-d�ly^`_�l 2 _`e�l�g�lzg } 2 gijh^aj } j�eyQ � Twl
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� �yj�e	j��Vlyj����tf�_`^aTVe-lyf � } TVZ�j�^`��Tnl�_`g l�TVo fhe/gh^`o } l�_`g/W � � £ l�TVo.j��Ve 2 � } TVo ^aT p ¢OQXq � v�^ag
} TV^X���tf ~ _ 3 dyl�_a^`ocQ
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���Ve�� } TVZ/jh^`�tTVl�_4Z��tfifhe/Z/j�^a�tT��Vfh�NZ�e/o } fhe��Vfi� dN^aoVe�g+l�T�e/gijh^ ~ lyj�e����tf j��Ce�jhf } e�dyl�_ } e����Oj��Ve��nTVe�V
Utfi^`o � } j�� } j�U�^adte/T�l��V�Cfh���O^ ~ lyj�^a�tTVg*���mjh�Ve��Vfh^ ~ l�_�lyTVo¬l�oQRi�t^`T4j�gh�t_ } j�^a�tTVg��tT j��nlyj�Utfi^`ocQ
� T�j��Ve��Vfie�gie�T4j Z/�tT4j�e��Oj�W�jh�Ve�gie
ly�V�Vfh���O^ ~ lyjh^`�tTVg�l�fhe�� 2 j¥l�^aTVe�o 243 �Cfh�t_a�tTVU4lyjh^`TVU
Z��4l�fighe�V
Utfi^`o¬gi�t_ } jh^`�tTCg��tT4j��	jh�Ve �nTVe Utfh^ao } gh^aTVU��8�t_ 3 TV� ~ ^�ly_�fie�Z/�tTVgijhf } Z�j�^a�tT!p©gie�e | e/Z/j�^a�tT ¢OQ ¢tv�Q
���V^agL^ ~ ����ghe�gEg ~ �O��jh�VTVe/ghg*fhe/� } ^`fie ~ e�T4j�g*�tT	jh�Ve�oV^aghZ�fie/jhe%l�oMRi�t^aT�j�Q��n�tfEj��C^`gLfie-l�gi�tTcWcj��Ce
�Vfi^ ~ l�_xfie�gh^ao } l�_x�t��e/f�lyjh�tf 	��Np � v¨^`g�lyghg } ~ e/o[j��%fie��Vfie�ghe/T4jLl�Tz^`T4jhe�Utfhl�_cgij�lyj�e ~ e/T4j�g } Z¥�	lyg
�tTVe�j��Vlyj P¨� } _`o	lyfh^`gie�Tnlyj } f�l�_a_ 3 ��fi� ~ l��nTV^Xj�e�e�_`e ~ e/T4j���f��VTV^ajhe�d��t_ } ~ e*���tf ~ } _�l�j�^`��TcQ��
j 3 �V^`Z�l�_ �nTV^ajhe�oV^ Zxe/fhe/TVZ�e�gij�e/TVZ�^a_2PG� } _ao
TVe/e�o	j�� 2 e�ghZ-ly_`e�o 2�3 l�T�ly�V�Vfh���Vfh^`lyj�e�l�fhe�l�jhe�f ~
p©��f�d��t_ } ~ e%j�e�f ~ ^`TKj��Vfie�e oC^ ~ e�TVgi^`�tTVg�v�gi�[jh�nlyj�j��Ve�fhe�gi^`o } l�_ 2 e�Z�l ~ e l�TVl�_`�tU�� } g*j��
l�T
^`T4jhe�Utfhl�_me��O�Vfie�gigh^`��TcQ � ��j��Ve��Vfi^ ~ l�_mfhe/gh^ao } l�_m����e/f�lyjh�tf%oV�Oe/g%TV��j�fhe/�Vfhe/ghe�T4j l�T ^aT4j�e�U�f�l�_
� } l�T4j�^Xj 3 W�j��Ce gh�t_ } j�^a�tT �y�:jh�Ve oV^aghZ/fhe/jhe�l�oMRi�t^aT4j�e�� } l�j�^`��TVg�^`T.pM¢OQSu4v P�^a_`_�Ute�TCe�f�ly_`_ 3 giZ-l�_ae
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P�^ajh��j��Ve�_`�NZ-ly_CUtfi^`o�gh^[W�eyQ�k¨�tTVgie�� } e�T4jh_ 3 WNg ~ �N��j��VTCe�ghgFP�^a_`_ 2 e�Z�� ~ �Vfi� ~ ^aghe/o��tT�Utfh^aoVg�P�^ajh�
^`fifhe/U } _�lyf+gh�Vl�Z�^aTVUVQ�� } frj��Ve/f ~ �tfheyWtj��Ve�oC^`ghZ/fhe�j�e�gh�t_ } j�^a�tT P�^`_a_OTC��_a�tTVUte/f 2 e�Z��tTVgi^`grj�e�T4j
P�^ajh�
j��Ce�lyTnl�_ 3 jh^`Z-ly_cl�oMRi��^`T4j �S¢�¦�� Q
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�Le��8e�TCoV^`TVU��tTKj��Ce�grj�f } Z/j } fhe����¨jh�Ve%gh� } fhZ�e�Z��NoVeyW jh�Ve�� } TVZ�j�^`��Tnl�_�Z���fhfhe/Z/jh^`�tTK�Vfi�OZ/e�o } fie
Z-lyT 2 e�^ ~ �V_ae ~ e�T4j�e/o�dte�f 3 f�l��V^aoV_ 3 ^`T4j���l OV�QP@gh�t_Xdte�f�j��VlyjGl�_`fie-l�o 3 Z/� ~ � } j�e/g�jh�Ve�l�oMRi�t^aT�j
gh��_ } jh^`�tT �/W4�nl�frj�^`Z } _�lyfh_ 3 ^a�§jh�Ve�fhe/gh^`o } l�_§l�TVo�� } TCZ/j�^a�tTnl�_Cg } 2 fi� } jh^`TVe/gGlyfhe ~ �Oo } _�l�f+l�TVo�e-l�g�V
^`_ 3 lyZ�Z�e/ghgi^ 2 _ae�Q&a:e/gh^ao } l�_ lyTVoz� } TVZ/jh^`�tTnly_ce/dyl�_ } lyj�^a�tTVgm��T�jh�Ve*�nTVe�Utfi^`o�Z-lyT 2 e*��e/fi���tf ~ e/o
243 gh^ ~ �V_ 3 Z�l�_`_a^`TVU�j��Ve/ghe g } 2 fi� } j�^aTVe�g�P�^Xj��Kj��Ve��nTVe�Utfi^`o�Z��N�tfioV^`Tnl�j�e�g�l�TCo l��C�Vfh���O^ ~ lyj�e
gh��_ } jh^`�tTVg lyg�^aTV� } j�Q����V^ag PG� } _ao�fie�� } ^afhe�g } 2 grj¥l�T4jh^�l�_ ~ e ~ �tf 3 �]d�e�fh�Ce-l�o�gi^`TVZ/e�jh�Ve��nTVe�Utfh^ao
PG� } _`o�TVe�e/o j�� 2 e:gijh�tfhe/o ^`T�^ajhg�e/T4j�^`fie/j 3 Q����VeLl�_Xj�e/fhTnlyjh^ad�e�^ag�jh� ~ �OoC^a� 3 jh�Ve ~ l�Z¥�V^aTVe�f 3 ���
j��Ce�Z/�OoVe�gh��j��nl�jEfie�gh^ao } l�_ e�d�ly_ } lyjh^`�tTCg:��Tzjh�Ve��nTCe�Utfi^`ozZ-l�T 2 e�l�Z¥�V^ae/d�e�o 243 l�ghgie ~�2 _`^`TCU
_`�NZ-ly_ Z��tT4j�fi^ 2 } j�^`��TVg�ghe�� } e/T4j�^�ly_`_ 3 Y ^`T
l�_a�O���zjh�Vfh� } Ut�[jh�Ve�Z/�4l�fighe�U�fh^`oze�_ae ~ e�T4j�g/Wn���tf�e��^V
l ~ �V_`eyQ ���V^ag PG� } _ao e/_`^ ~ ^`TVlyj�e�jh�Ve ~ e ~ �tf 3 �]dte�fi�Ve-lyo�lyj�j��Ve�Z��tgrj����¨^`TVZ/fhe�l�ghe/o¬Z��NoV^`TCU
PG�tfhª§Q
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��^`e/fhZ/e[lyTVo
\*^`_`e/g�p ����\�vLZ/�tfhfie�Z/jh^`�tTKj�e/f ~ � ¢�uCW ¦4s �MQ����Ve�Z } fhfie�T4j�oCe�fh^Xdylyj�^a�tT } j�^a_`^[W�e�gLjh�Ve�TV��j�^a�tTK���
l	�nTVe�Utfi^`o l�TCo ly�V��e�l�_`g�oV^`fie�Z/jh_ 3 j���j��Ce�TV�tTV_a^`TVe�l�f�W�oV^aghZ/fhe/jhe�fhe�gi^`o } l�_¨e/� } lyj�^a�tTVg�Q ���Ve
����\ oVe/fh^Xd�l�j�^`��Tw^ag�Z-lygij�^aT¬l
Z/�tT4j�^`T } � } g���f�l ~ e_P¨�tfiª ��e/fhfi�tfhg�l�fhe ~ e�l�g } fie�o�fie�_�l�j�^ad�e�jh�
j��Ce e��Cl�Z�j�dyl�_ } e�����j��Ce � } TVZ�j�^`��Tnl�_�Z��tfifhe/gh�8�tTVoV^aTVU	j��
jh�Ve gi�t_ } j�^`��T ����jh�Ve����*R�g } TVoVe/f
Z���TVgh^aoVe�fhlyj�^a�tTcQ � T jh�VeL����\ l��V�Vfi�4l�Z¥�cW�j��Ve�dte�Z�j��tf¨^`TVTVe/fG�Cfh�No } Z/j¨��� j��CeLl�oMRi��^`T4jmlyTVo j��Ce
oV^aghZ�fie/jhe�fie�gi^`o } ly_c^`T p ¢OQaq]¢tvG^`g�fie��V_`l�Z�e/o 2�3 l�T�^`T4j�e/Utf�l�_�^`TVTCe�f��Vfi�Oo } Z/j���� j��Ce�lyoMRi�t^`T4j�lyTVo
j��Ce�fhe/gh^ao } l�_ ����jh�Ve�U�� d�e�fiTV^`TVU ���*R�g } gh^aTVU ly�V�Vfh���O^ ~ lyjhe�lyoMRi�t^`T4jEl�TVo[�Vfh^ ~ l�_ gi�t_ } j�^`��TVg�Q
P¨��jh� jh�Ve
����\ Z���fhfhe/Z/jh^`�tT j�e/Z¥�VTV^`� } e
l�TVo j��Ve[l�_`U�e 2 fhl�^`Z d�e�fhgi^`�tT } ghe/o ^aT jh�Ve[�Cfhe�gie�T4j
PG�tfhªw�nl-dte 2 e/e�T gh�C�QP�T j����Cfh�No } Z�e�gi^`UtTV^X�nZ-lyT�j�^ ~ �Vfh�]d�e ~ e�T4j�g�^aT¬� } TVZ/jh^`�tTVl�_ml�Z/Z } fhl�Z 3
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p | e�e�jh�Ve�g } �8e�fiZ��tT4dte/fhUte/TVZ�e%fie�g } _aj�g:^`T[fhe���e�fhe/TVZ�e/g � ¢�uOW8¦4sOW8u4¢ �+lyTVo[jh�Ve�^ ~ �Cfh�]dte ~ e/T�jhgE^aT
� } TVZ�j�^a�tTnl�_ lyZ�Z } f�l�Z 3 ^`T�fhe���e�fie�TVZ/e � u � ��l�TCo[^aT | e�Z�j�^`��TVg � Q uOWn¦VQ uOWnl�TVoz�E�V�8e�TCoV^ ���Lv�Q

� Z/�tT4dte�TC^`e�TCZ�e�l�ghgi�OZ/^�lyjhe�o P�^Xj��zj��Ve�Z } fhfie�T4j ~ e/jh�V�Oo[^`g:j��nlyj�j��Ve�e�fifh�tf�Z��tT4j�fi^ 2 } j�^`��T
��fh� ~ j��Ce�oV� ~ l�^`T 2 � } TConl�f 3 ^`g�l } j�� ~ lyj�^aZ-l�_a_ 3 l�Z/Z�� } T�jhe�o ���tf ^aT@j��VeKZ���fhfhe/Z/jh^`�tT@jhe�f ~
Ut^Xdte�T 243 pM¢OQXq ¢tv Q����Ve�fhe-lygh�tTK���tfLj��C^`g�^`gLjh�nlyj*j��Ce��Vfi^ ~ l�_ 2 � } TConl�f 3 Z��tTVoC^aj�^a�tTVg�l�fie�l�_ V
fhe�l�o 3 ^`TVZ/�tfh�8�tf�l�j�e�o�^`T4j��Ejh�Vemfie�gh^ao } l�_O�t�8e�f�l�j��tf 2�3 Z��tTCgij�f } Z/jh^`�tTxQ � T�j��Vem� ��\@j�e/Z¥�VTV^`� } eyW
l�oVoC^aj�^a�tTnl�_§j�e/f ~ g�TVe�e/ozjh� 2 e�l�Z�Z/� } T4j�e/oz����f�e��O�V_`^aZ�^Xj�_ 3 P��Ve/TVe/d�e�f�jh�Ve�l��V�Vfi���C^ ~ l�j�eLgi�t_ } V
j�^a�tTVg*oV�zTV��j�ghlyj�^agi� 3 ^aTV�V� ~ �tUte/TVe�� } g 2 � } TVonl�f 3 Z���TVoV^ajh^`�tTCg*e��Cl�Z/jh_ 3 � ¢ c W�¢�u�� Q��:�TP¨e�dte�f/W
l�g&P�^`_`_ 2 eEgie�e�T�^aT | e/Z/jh^`�tT ¦CQS¦VWNgh� ~ e�Z-l�fie ~ } grj 2 e�j¥lyª�e�T�^aT�jh�VeEZ } fhfie�T4j�l��V�Cfh�4l�Z¥� P��Ce�T
�Vfi^ ~ l�_ 2 � } TVoVl�f 3 Z/�tTVoV^Xj�^a�tTVg�l�fie�^ ~ ���tgie�o�^`T�l%gijhfh�tTCU�gie�TVgie�Q

� 2 fi^`e/��� } j�_a^`TVe�����jh�Ve�Z/�tT4j�^`T } � } g*l�oMRi��^`T4jEZ/�tfhfie�Z�j�^`��T
j��Ve/�tf 3 ������^ae�fhZ/e�l�TVo�\�^a_`e�g�^ag
�Vfie�ghe/T4j�e�o
^`T��E�V�8e�TCoV^ �z��Q

� ��� � �����������%���������  >
 )*�����+����#

���Ve�l��V�Vfi���C^ ~ l�j�e��Vfh^ ~ ly_cl�TVo
l�oMRi�t^aT4j�gh�t_ } j�^a�tTVg } gie�o	^aT�jh�Ve�� } TVZ/jh^`�tTVl�_ Z��tfifhe/Z/j�^a�tTz�Vfh�DV
Z�e/o } fie	l�fie[� 2 j¥l�^aTVe�o 243 �Vfh�t_a�tTVU4l�j�^`TCU�Z��4l�fighe�V Utfi^`o gh�t_ } j�^a�tTVg%�tT4j��Kj��Ve��nTVezUtfi^`ocQ ���Ve
�Vfi�t_`�tTCU4lyj�^a�tT ����e/f�lyjh�tfhg j�l�ª�eKlyoCdyl�T4j¥l�Ute
���*j��Ve	�©lyZ/j jh�nlyj jh�Ve	�nTVe	U�fh^`o e�_`e ~ e/T4j�g�l�fie
e ~�2 e/oVoVe�o P�^ajh�V^`TKl�gigh�NZ�^`lyj�e/o Z/�4l�fighe_V Utfh^aoKe�_`e ~ e/T4j�g�Q%���t_ 3 TV� ~ ^`l�_+^aT�jhe�fi���t_`l�T4j�g�l�fie�Z��tTNV
gijhf } Z�j�e/o��]d�e�f�e-l�Z¥��Z/�4l�fighe_V Utfh^ao�e�_ae ~ e�T4j�l�TVo�jh�Ve�T } ghe�o%j��E^`TMRie/Z/j�dyl�_ } e�g�oC^`fhe/Z/jh_ 3 �tT4j��Lj��Ce
e ~�2 e/oVoVe�o��nTVe�Utfi^`o�TV�NoVe�g P�^Xj��V^aT j��nlyj�Z/�4l�fighe_V Utfh^ao�e�_ae ~ e�T4j-Q�� PG��oV^ Zxe/fhe/T�j:�8�t_ 3 TV� ~ ^`l�_
�tfioVe�fig�lyfhe } ghe/o
^aT j��Ve�l�only�Cj�^Xdte��Vfh�NZ�e/o } fie f�_`^aTVe-l�fml�TVoz� } l�oVf�l�j�^`ZyQ
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����� � �4��,-
F�?!#�K,-�$
����&�

���Ve�_`^`TCe-l�f��t�8e�fhlyj��tf�� �� fhe��Cfhe�gie�T4j�g�gi^ ~ �V_`e�_a^`TVe�l�f�^`T4j�e/fh�8�t_�l�j�^`��T�� d�e�f�e�l�Z¥�¬Z/�4l�fhgie_V Utfh^ao
e�_ae ~ e�T4j-Q.���Ce[fie�g } _aj�^aTVU ^`T4j�e/fh�8�t_�l�T4j ~ lyj�Z¥�Ve/g�jh�Ve[oVlyj¥lwlyj%j��Ve[Z��4l�fighe�V Utfi^`o TV�OoCe�g e��^V
l�Z�j�_ 3 l�TCo�^`g�W�jh�Ve�fie/���tfie�W�Z/�tT4j�^`T } � } g%l�Z�fi�tghg�e�_`e ~ e/T4j�e�oVU�e�g�QK���V^ag��t�8e�fhlyj��tf�^`g } ghe�o¬����f
Z�� ~ � } j�^`TCU�j��Ve�l�only�Cj�^Xdte��nl�fhl ~ e�j�e/fhg�oVe�giZ�fi^ 2 e�oz^`T | e�Z�j�^a�tT[¢OQ � Q ¢OQ
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���Ve�� } l�oCf�lyjh^`Zm�Vfi�t_`��TVU4lyjh^`�tT��t�8e�f�l�j��tf�� �� ^ag�oVe��nTVe�o 243 lL_a�OZ�l�_�_`e-lygij�gi� } l�fhe/g��Cfh�NZ�e�o } fheyQ
� � } l�oVfhlyj�^aZ��Vfh�y�n_`e	^ag�� 2 j�l�^`TVe/o.�]dte�f�e�l�Z¥� Z/�4l�fighe_V Utfh^ao.e�_ae ~ e�T4j } gh^aTVU l�_`�NZ-l�_�e�fhfi�tf�V
~ ^`TV^ ~ ^[W-lyjh^`�tT �Vfi�OZ/e�ghg�^aT�d��t_adN^aTVU¬j��VeKTV�Nonl�_:dyl�_ } e/g�l�TVo gh_a�t�8e�g�����j��Ve	� } TVZ/jh^`�tT 2 e�^`TCU
^`T4jhe�fh�8�t_`lyj�e/ocQ

k¨�tTVgi^`oVe/f*l Ute�TCe�fh^aZ�ghZ�l�_�lyf�� } TVZ�j�^a�tTcW�� Wcl�TCo�^aj�g�oVe�fi^adylyjh^adte/g�W����%l�TVo���	�Wxg�l ~ �V_ae�o�l�j
j��Ce�TC�OoVe/g�����j��Ve�Z��tl�fhgie*Utfh^ao �-Q��Edte/f:e�l�Z¥�zZ��4l�fighe�V Utfi^`o�e�_ae ~ e�T4j-W�
8W�P¨e�Z�l�T[e/gij�l 2 _`^agh��j��Ce
���t_a_`�TP�^`TVU�_`^`TCe-l�fmoC^`gijhfh^ 2 } j�^a�tTVg
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P��Ve/fhe��
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� W l�TVo��

�
	 l�fie�j��Ce�g�l ~ �V_ae�o	dyl�_ } e�gLl�jLj��Ve�jh�Vfhe/e�dte/fijh^`Z�e/g�����e�_ae ~ e�T4j�
�W lyTVo



�
l�fie�jh�Ve�gij�l�TVonl�fio
gi�nl��8e�� } TCZ/j�^a�tTVg����tf:l%_`^`TCe-l�fmjhfh^�lyTVUt_`eyQ�� � } lyoVf�lyjh^`Z*^aT�jhe�fi���t_`l�T4j����

�
�]dte/f�e/_`e ~ e�T4j�
�Z-l�T 2 e�fie��Vfie�gie�T4j�e/o�l�g
�� � �
 �

� �
�

�
�� � � pM¢OQXq]{4v

P��Ve/fhe �

�
l�fhemjh�Vemgi�nl��8em� } TVZ/jh^`�tTCg+���tf�lL� } l�oCf�lyjh^`Z¨jhfh^�lyTVUt_`e � uts��nlyTVo �� � l�fhemjh�Ve } TVª�TV�TP�T
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Z��Ne e�Z/^`e�T4jhgmj�� 2 eLoVe�j�e�f ~ ^aTVe�oxQ����Ve*_`e�l�gij¨gh� } l�fie�g��Vfi� 2 _`e ~ ^agGjh��oVe/jhe�f ~ ^`TCe�j��Ce�ghe*Z/�Oe_e V
Z�^ae�T4j�g 243 ~ ^aTV^ ~ ^XW/^`TVU*j��Ce�� � TV�tf ~ ��� j��Ce*oV^[Z�e�fie�TVZ/e 2 e�jUP¨e/e�Tzj��VeL_a^`TVe�l�fmlyTVo�� } l�oVfhlyj�^aZ
�Vfi���n_`e/g�Q����nl�j�^ag�W

�nTVo ��� ��� �� � � � �� �� � � � � � �� �� � � �g } Z¥�[j��Vlyj �*p ��� v � ~ ^`T
�
�Lp � v � pM¢OQXq]s4v

P��Ve/fhe �*p � v �	��

����� ��+p � v 
 ���� � � � ����Np � v 
 ������ � � � ���	�p � v 
 ���	�� ����� � �
�LTVZ�e � � �nl�g 2 e�e/T@oVe/jhe�f ~ ^aTVe�o ����f e�_ae ~ e�T4j 
8W�^aj�^`g�g } 2 grj�^Xj } jhe�o 2 l�Z¥ª ^`T4jh� pM¢OQXq]{4v

3 ^`e/_`oV^aTVU[jh�Ve oVe/gh^`fie�o�^aT�jhe�fi���t_`l�T4j-Q	���Ce��Vfh�NZ�e/o } fhe ^`g�fie��8e-lyjhe�o����tf�l�_`_�e�_ae ~ e�T4j�g�^aT j��Ce
Z��tl�fhgie�U�fh^`oxQ

���V^`g[�Vfh�NZ�e/ghg	�Cfh�No } Z�e/g�l �C^`e�Z/e P�^aghe¬� } l�oCf�lyjh^`Z ^`T4j�e/fh�8�t_�l�T4jzj��nl�j
^ag[oV^aghZ/�tT4j�^`T } � } g
l�Z/fh�tgig e�_ae ~ e�T4j e/oVUte�g/Q ­�l�_ } e�g ��T@e�oVU�e�g�l�fie	� 2 j�l�^`TCe�o 243 j¥l�ª�^`TCUwj��Ce�l�fh^Xj�� ~ e/jh^`Zzl-d V
e�fhl�Ute��y��j��Ve�^aT4j�e�fi����_�l�T4jEdyl�_ } e�g:��fh� ~ j��Ce�jUP¨��lyoMRhl�Z�e/T4j*e�_ae ~ e�T4j�g*lyghgh�NZ�^`lyj�e/o(P�^ajh�
j��nl�j
e�oCUte�Q ­�l�_ } e/g�lyj�Z��4l�fighe�V Utfi^`o TV�NoVe�g�l�fhe�gi^ ~ ^`_�lyfh_ 3 � 2 j¥l�^aTVe�o 243 j¥l�ª�^aTVU�j��Ve[l�fh^Xj�� ~ e/jh^`Z
l-dte/f�l�Ute�����j��Ve�^aT�jhe�fi���t_`l�T4jmdyl�_ } e�gm��fh� ~ j��Ve��nl�j�Z¥�z���+e/_`e ~ e/T�jhg�g } fifh� } TCoV^`TVU�jh�nlyj:TV�NoVe�Q

���Ve _ae-l�grj�gh� } lyfhe�g��Vfh� 2 _`e ~ oVe��nTVe/o 243 pM¢NQaq]stv�Z-lyT 2 e�gh�t_Xdte/o�e e�Z�^ae�T4j�_ 3w243 ^`T4dte/fij�V
^`TCU
j��Ve�lyghgh�NZ�^`lyj�e/o�TV�tf ~ l�_�e�� } l�j�^`��TVg�Qwb�TC����fij } Tnlyj�e/_ 3 W�j��Ve TC�tf ~ l�_¨e/� } lyj�^a�tTVg 2 e�Z/� ~ e
ghe�dte/fhe�_ 3 ^`_a_ V Z��tTVoC^aj�^a�tTVe/oz��T �C^`Ut�V_ 3 gij�fie/jhZ¥�Ve�o e�_ae ~ e�T4j�g*fie�g } _aj�^aTVU ^aT�T } ~ e/fh^`Z�l�_+^aTVgij�l 2 ^a_ V
^ajh^`e/g�Q����zZ/^`fiZ } ~ d�e�T4j�j��V^ag*^`ghg } e�W j��Ce�_ae-l�grj�gh� } l�fie�g��Vfh� 2 _`e ~ ^`g�gi�t_ad�e�o } gh^aTVUzl�gi^`TVU } _�l�f
dyl�_ } eLoVe�Z/� ~ ���tgi^ajh^`�tT	p | ­L��v¨l�_`U��tfh^Xj�� ~ Q | �t_adN^`TCU�j��Ve*_ae-l�grj�gh� } lyfhe�g��Vfi� 2 _ae ~ dN^`l | ­*� ^ag
Z�� ~ � } j¥lyjh^`�tTnly_`_ 3z~ �tfhe%e��C�8e�TCgh^ad�e�W��C�QPGe/d�e�f/W�^aj��Vfi� dN^aoVe�g����tf�l[�V^aUt�V_ 3 gij�l 2 _ae�ly_`Ut�tfi^ajh� ~
� uCq � Q

���Ve*� } l�oVfhlyj�^aZE�Vfi�t_`��TVU4lyjh^`�tT��t�8e�f�l�j��tfG^`g } ghe�o����tfGe/dyl�_ } lyj�^aTVU�jh�VeLZ/�tfhfie�Z/jh^`�tT jhe�f ~ ^aT
pM¢NQaq ¢�v�Wnl�TCoz���tf�Z/� ~ � } j�^aTVU�j��Ce�lyonl��Cjh^adte��nlyf�l ~ e/jhe�fhg�oCe�ghZ/fh^ 2 e/o
^`T | e�Z/jh^`�tT
¢OQ � Q ¢OQ

���
����� ��������� ����,2* , � �

�Eg¨oVe�giZ�fh^ 2 e/o�^`T | e/Z/jh^`�tTz¢OQXqtQXqtWOjh�VeE�nTCeLUtfh^ao ^`g¨Z��tTVgrj�f } Z/jhe�o�^`T jUPG�%gijhe��Vg/Q����CeL�nfhgrj�gijhe��
^`g�jh� } TV^a���tf ~ _ 3 fhe/�VTVezjh�Ve�Z��4lyfhghe�Utfi^`o 243 g } 2 oV^XdO^aoV^`TCU�e-l�Z¥� j�fh^`l�TVUt_ae ^`T4jh�wl�gi��e/Z�^a�Ve�o
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T } ~�2 e�fm�y��gie�_X� V gh^ ~ ^a_�l�f�jhfh^`l�TVUt_ae�g�Q+���V^`gmfie�g } _ajhgm^`T�l��nTCeLUtfh^ao"P�^ajh� 2 � } TVonl�f 3 TC�OoVe/gmj��nl�j
oV��TV��j�U�e�TVe/f�l�_a_ 3 _`^`e��tT�j��Ve��V� 3 gh^aZ-l�_ 2 � } TConl�f 3 Q����Ve%ghe/Z��tTCo gijhe�� ^`gEjh��fhe��8�tgi^aj�^a�tT	j��Ce
2 � } TVonlyf 3 TV�NoVe�g/W�l�TVow���tgigh^ 2 _ 3 gie/dte/f�l�_G_�l 3 e/fhg�����^`T4jhe�fh^a�tf�TV�NoVe�g/W�gh�
jh�nlyj�j��Ve��nTVe�Utfh^ao
Z���TC���tf ~ gmj���jh�Ve��V� 3 gi^`Z�l�_ 2 � } TVonl�f 3 Q

���Ve��V� 3 gh^`Z�l�_ 2 � } TVoVl�f 3 ^`gmfie��Vfie�ghe/T4j�e�o 243 Z } 2 ^`Z*gi�V_`^aTVe�g/Q � �tTVZ/�tTC���tf ~ ^aTVU 2 � } TVoVl�f 3
TV�NoVe�g[l�fiewgiTnl��V�8e�o!j�� jh�Ve TVe-l�fie�grj
�8�t^`T4jz�tT j��Ve Z } 2 ^`Z gh�V_a^`TVeKfie��Vfie�ghe/T4j¥lyjh^`�tTcQ ���Ve
fhe ~ ly^`TV^aTVU��nTVe�Y�Utfh^ao¬TV�NoVe�g P�^aj��C^`T e�l�Z¥��Z��tl�fhgie�YNUtfi^`o 2 � } TVonl�f 3 e/_`e ~ e/T�j�l�fie g ~ �N��j��Ve/o
} gi^`TVU%j��Ve�^`gi��j�fi�t�V^aZ*g ~ �O��jh�V^`TCU%l�_`Ut��fh^ajh� ~ oCe�ghZ/fh^ 2 e/o
^`T����V��e/TVoV^��
kEQ��+^`U } fhe�¢QV�q�gh�V�TP�g
e��Cl ~ �V_ae�gz����jUPG� �nTCewUtfi^`oVgzly� jhe�f�j��Ce�^`f 2 � } TVoVl�f 3 TV�NoVe/g
�nl-dte 2 e�e�T fhe��8�tgi^aj�^a�tTVe/o jh�
Z���TC���tf ~ j���j��VeL�C� 3 gi^`Z-ly_ 2 � } TVonlyf 3 Q � T jh�VeLZ�l�gheL�y� j��Ve 
 � 	��nTVeLUtfi^`ocWOl�oMRhlyZ�e�T4j�TC�OoVe/g
�nl-dte�l�_agh� 2 e/e�Tzg ~ �O�yj��Ve/oz^aT��tfhoVe/f�j��%^ ~ �Vfh�]d�e*Utfh^aoz� } ly_`^aj 3 Q

�n�tf��V^`Ut�C_ 3 grj�fie/j�Z¥�Ce�o�Utfi^`oVg/W4g } Z¥��lyg�jh�V�tghe } gie�o ^aT�jh�Ve�dO^aghZ/� } g�j�e�grj¨Z�l�ghe/g�WOfhe��8�tgi^aj�^a�tT.V
^`TCU����Gjh�Ve 2 � } TVonlyf 3 TV�NoVe/g ~ l 3 fie�g } _aj�^`T�TCe�U4lyjh^ad�e�e/_`e ~ e/T�jhg�Q � ��j��C^`g*�NZ�Z } fhg�W jh�Ve%Utfh^ao
^`g ��� " �*� ��� / 243�~ �]dN^`TVU%lyoMRhl�Z�e/T4j�^`T4j�e/fh^`��fmTV�NoVe�g } T4j�^a_cZ���TVgh^agij�e/TVZ 3 ^ag�fhe/gij���fhe�oxQG� l��C_�l�Z/e
� g
e�� } l�j�^`��T�^`g } gie�o�jh�EoVe�j�e�f ~ ^aTVe�j��Ve � Y*l�TVo � Y*Z�� ~ ����TVe�T4j�g����Cjh�Ve¨^aT4j�e�fi^`�tfUYNTV�NoVe�oV^`gi�V_�lyZ�e_V
~ e�T4j�g/Q�� grj¥l�TVoVl�fho�\�l�_ae�fhª�^aT�oV^aghZ/fhe/jh^XW�lyj�^a�tT%^`g } ghe/o j���ly�V�Vfh���O^ ~ lyjhe�� l��C_�l�Z/e
� gGe/� } lyj�^a�tT
�tT�j��Ve�TV�tTCZ��tTC����f ~ ^`TVU�Utfi^`ocQ����Ve 2 � } TVonlyf 3 YNTV�NoVe�oV^`gi�V_�lyZ�e ~ e�T4jhgEl�fie } ghe/o	l�g:�L^`fi^`Z¥�V_ae/j
Z���TVoV^ajh^`�tTCg�Q¬���Vezfhe/g } _Xj�^aTVUKg 3 gijhe ~ g�����oV^aghZ�fie/jheze/� } lyj�^a�tTVg[p©��TVe ���tf�j��Ce � YNZ/� ~ �8�tTVe/T4j
l�TVoz�tTVe����tfmjh�Ve � YNZ/� ~ ���tTCe�T4j:���+jh�Ve�oV^`gi�V_�l�Z/e ~ e�T4j�dte/Z/j���f¥v�l�fhe�gh��_adte/ocW8l��V�Vfi���C^ ~ l�j�e�_ 3 W
3 ^`e/_`oV^aTVU�l	Z���TVgh^agij�e/T4j%oV^`gi�V_�l�Z/e ~ e�T4j��ne/_`o¬���tf�j��Ve ^aT4j�e�fi^`�tf�TV�NoVe�g/Q ���V^ag�^`g�l	gi^ ~ �V_`^X�ne�o
dte/fhgi^`�tTz����j��Ve�TV�NoVe ~ �]d�e ~ e�T4j:gij�fhlyj�e/U 3 } gie�o[^`T�fhe���e�fhe/TVZ�e � ¦ � � Q

��fh�t_a�tTVU4lyjh^`�tT
����j��Ve%Z��tl�fhgie�YNUtfi^`o�gi�t_ } jh^`�tT���T�jh��j��Ve��nTCe�U�fh^`o
^`g*�8e�fi����f ~ e�o��Vfi^`�tfEjh�
j��Ce�ly���tfhe ~ e/T4j�^`��TVe�o¬TC�OoVe�fie��8�tgh^Xj�^a�tTV^`TCU
gijhe��Vg/Q ���Ve�TC�Oonly_Gdyl�_ } e�g�����jh�Ve��Vfh��_`�tTVUtlyj�e/o
gh��_ } jh^`�tT�fie ~ l�^`T } TCZ¥�nl�TVUte/o o } fh^`TCUKjh�Ve 2 � } TVonl�f 3 Z/�tTC���tf ~ ^aTVU��Vfh�NZ�e/ghg/Q ���C^`g%Z-l�T 2 e
dN^`e_P¨e/o
l�gml��tTVe_VMj��DV �tTVe ~ l��V�C^`TVU��y��jh�VeL�Vfi�t_`��TVU4lyjhe�o�gh��_ } jh^`�tT ��fi� ~ j��Ve*TV��TVZ��tTO���tf ~ ^`TVU
Utfi^`o�j���j��Ce 2 � } TConl�f 3 V Z��tTC����f ~ e�o�Utfh^aocQ

���
����� 3 ���$������� ��������
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�n�tf¨�Cfh� 2 _ae ~ g P��Ve/fhe*�Vfi^ ~ l�_ 2 � } TVonl�f 3 Z���TVoV^ajh^`�tTCgml�fieL^ ~ ����ghe�o ^`T�l�gijhfh�tTCU�ghe�TCghe�Wngi� ~ e
Z-lyfhe ~ } gij 2 e:j¥l�ªye�T"P��Ce�T �Vfi�t_`��TVU4lyjh^`TVU*j��CeEZ��tl�fhgie_V U�fh^`o�l�oMRi��^`T4j¨��T�jh��jh�Ve��nTCeEUtfi^`ocQ����Ve
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^`gig } e�lyfh^`gie�g P��Ce�Tz�L^`fi^`Z¥�V_ae/jGZ��tTVoC^aj�^a�tTVg¨l�fheL^ ~ �8�tgie�o ^aT�l�gijhfh�tTVU�gie�TVgie�l�gm^`gGj��Ve*Z�l�gheE����f
j��Ce�dN^`ghZ/� } gLjhe�gij�Z�l�ghe/g*^`TKk¨�Vl��Cj�e/f*¦VQ�Y[�NoV^a�VZ-lyjh^`�tTVg�����j��Ce��Vfh��_`�tTVUtlyj�^a�tT
�t�8e�fhlyj���fhg�����f
j��Ce�dN^aghZ�� } g:l�oMRi�t^aT�j:lyfhe�oVe�giZ�fi^ 2 e�oz^`T | e�Z�j�^a�tT�¦VQS¦CQ � Q

� ��� ���	��

��� ��) � )E� � ���	����� � �

���VeLU�fh^`o l�onl��Oj�^ad�e��Cfh�NZ�e�o } fheL�Cfh�t�8�tghe/o ^`T�j��Ve��Vfhe/ghe�T4j PG�tfiª�^agGoVe/gh^aUtTVe�o jh��Z/� ~ �C_`^ ~ e�T4j
j��Ce�� } TVZ/jh^`�tTVl�_+Z/�tfhfie�Z/jh^`�tT��Cfh�NZ�e�o } fhe%��� | e/Z/j�^a�tT ¢OQXqtQ ¢OQ����Ce�Ut�4l�_�����j��Ve%l�oVl��Cj�^Xdte%l�_aUt�DV
fh^Xj�� ~ ^`g*j��z^ ~ �Vfh�]d�e�jh�Ve lyZ�Z } f�l�Z 3 �y�¨j��Ce�Z/�tfhfie�Z/jhe�o¬� } j�� } j�^aT p ¢OQXq ¢tv 243 fie�o } Z�^`TCU[j��Ce
fhe ~ ly^`TV^aTVU�e�fifh�tf:ly� jhe�f�Z/�tfhfie�Z/jh^`�tTxQ
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�Eg�gi�V�TP�T ^`T pM¢NQaqtq]v�Wcj��Ce�e/fhfi�tf�^`T�j��Ve�� } TCZ/j�^a�tTnl�_+Z-l�T 2 e%e��C�Cfhe�gighe/o l�g*j��Ve%g } ~ ���GjUPG�
j�e/f ~ ggf�l�Z/� ~ � } j¥l 2 _`e�Z/�tfhfie�Z/jh^`�tT�j��nl�j�Z�l�T 2 eGe�dyl�_ } l�j�e�o�Ut^Xdte�T�j��VeGl��V�Cfh���O^ ~ lyj�e�gh��_ } jh^`�tTVg
�����l�TVo���
�4Wcl�TCoKl fhe ~ l�^aTV^`TVU�e�fifh�tf�j�e�f ~ jh�nlyj*U�e�TVe/f�l�_a_ 3 Z-l�TCTV��j 2 e�e/dyl�_ } lyjhe�o P�^Xj��V� } j
gh��_adN^`TVU�����f�� } l�T4j�^ajh^`e/g��tT�j��Ve*�nTVe�Utfi^`ocQ����Ce�fie ~ l�^`TC^`TVU�e/fhfi�tf�Z-l�T 2 e�P�fh^ajij�e/T[^aT�ghe/d�e�fhl�_
oV^ Zxe/fhe�T4j����tf ~ g/Q�� P¨�%���tf ~ gmj��Vlyj:l�fhe��nlyfij�^aZ } _`l�fh_ 3 } ghe�� } _ ^`T�j��Ve��Vfie�gie�T4jEZ/�tT4j�e��OjEl�fie�W
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� pM¢OQ ¢�£4v

���Vem�Cfh�t�8�tghe/o%l�onl��Oj�^ad�emgijhf�lyjhe�U 3 ^`g 2 l�gie�o%�tT�fie�o } Z�^`TCUEj��Ve/ghemjUPG�L���tf ~ g+�y�nj��VeGfhe ~ l�^aTV^`TVU
e�fifh�tf/W�jh�Ve�fie 243 ^ ~ �Vfi� dN^aTVU
j��Ce[lyZ�Z } f�l�Z 3 ���:j��Ve�Z�� ~ � } j¥l 2 _ae Z���fhfhe/Z/jh^`�tTcQw« e�ghe/e���fh� ~
pM¢NQ ¢�£tvmjh�nlyj�j��Ce�fhe ~ ly^`TV^aTVU�e�fifh�tf:Z-l�T 2 e�e��O�Vfie�gighe�oKlyg:jh�Ve�^aTVTVe/f��Vfi�Oo } Z/j����+jh�Ve�l�oMRi�t^aT�j
gh��_ } jh^`�tT.V e�fifh�tf�l�TVo¬jh�Ve �Vfi^ ~ l�_�fhe/gh^`o } l�_ V e�fifh�tf/W+�tf�l�g�j��Ce ^`TVTCe�f��Cfh�No } Z/j�����j��Ve l�oMRi�t^aT�j
fhe/gh^ao } l�_ V e�fifh�tf�l�TCo j��Ve��Vfh^ ~ ly_�gh�t_ } j�^a�tT.V e�fhfi�tf�Q � e�Ut_ae�Z�j�^`TCU[TV��TV_`^aTVe-l�f*jhe�f ~ g�W�j��Ve/ghe jUPG�
^`TCTVe�f%�Vfi�Oo } Z/j�g�l�fie[e/� } l�_MQ ���Ve ~ l�UtTC^aj } oVe�g�����j��Ve/^`f%Z���fhfhe/gh�8�tTVoV^aTVU Z�� ~ ����TVe�T4j�g�l�fie
Z�� ~ �nlyf�l 2 _ae p 2 } j�U�e�TVe/f�l�_a_ 3 TC��j�e�� } l�_�v%lyTVo jh�Ve�^af } TV^Xj�g�l�fhe�^aoVe�T4j�^aZ-l�_mjh��j��V�tgie[�y�Ej��Ce
� } TVZ�j�^a�tTnl�_ ��p
�Lv Q����V^`g�^a_`_ } gij�fhlyj�e/g�jh�VeLo } l�_`^Xj 3�2 e/jUPGe�e/Tzjh�Ve*�Vfi^ ~ l�_8l�TVo�l�oMRi��^`T4jmfie�gh^ao } l�_
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�t�8e�fhlyj��tfig�Q � ��TV�tTV_a^`TVe�l�f�e Z�e�Z�j�g�l�fhezl�Z/Z�� } T�jhe�o ���tf�WGl�o } l�_a^aj 3 Utl��cW�� �� £CW
P�^`_`_¨e��O^`grj
2 e/jUPGe�e�T�jh�Ve�jUPG��^`TVTCe�f��Vfh�No } Z�j�g�Q
P 3 fhe/j�l�^`TC^`TVUzTV�tTV_a^`TVe�l�f*j�e/f ~ g�^`T j��Ve�e��O�nl�TCgh^`��T¬���
j��CeLfhe/gh^`o } l�_x����e/f�lyjh�tf¨^aTKpM¢OQ c v WO�tTCeLZ-l�T�� 2 j¥l�^aT j��CeE���t_`_a�TP�^`TVU�e��O�Vfie�ghgi^`�tT����tf�j��VeEo } l�_a^aj 3
U4l���f
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� � � � ��� � pM¢OQ ¢Oq v

P��Ve/fhe � ^`g lwdte/Z/j���f Z��tT4j�l�^`TV^aTVU � } lyoVf�lyjh^`Zz���tf ~ g ���*jh�Ve	�Vfi^ ~ l�_�e�fifh�tf/Q �ET@e��O�V_`^aZ�^aj
e��O�Vfie�gigh^`��Tz���tf � ^ag�Ut^ad�e�T�^`T����V�8e�TVoV^���PEQ����Ve*�Cfh�t�8�tghe/ozl�onl��Cjh^ad�e*�Vfh�NZ�e/o } fhe�^ag 2 l�gie�o
�tT¬fie�o } Z�^`TCU�l�TVo¬e/� } ^`oV^agijhfh^ 2 } j�^aTVUzjh�Ve ~ l�UtTV^Xj } oCe�g�����j��Ve�Z�� ~ �8�tTVe�T4jhg�����e�l�Z¥������j��Ce
^`TCTVe�fm�Cfh�No } Z/jhg��tT�j��VeEfh^`U���j�V �nlyTVo.V gi^`oVeE���GpM¢OQ ¢Oq v Q � Tzl�oVoV^Xj�^`��T�j���^ ~ �Cfh�]dN^`TVU�jh�Ve*� } l�_a^aj 3
���Gj��Ve�Z�� ~ � } j�l 2 _ae�Z/�tfhfie�Z�j�^`��TcW�jh�V^`g P�^`_a_�_`e�l�oKj��	l�fhe/o } Z�j�^`��T ^`TKj��Ce ~ l�UtTV^Xj } oCe����mj��Ce
o } ly_`^aj 3 U4l��cW�l�TVow�Ve�TVZ/e�W�l�fhe/o } Z�j�^`��T ^`TKj��Ce�TV��TV_`^aTVe-l�f*Z/�tT4j�fi^ 2 } jh^`�tTKj���j��Ce�� } TVZ�j�^a�tTnl�_
e�fifh�tf/Q

���Ve��Vfh^ ~ ly_�����f ~ ���§j��Ve�fie ~ l�^`TV^aTVUEe/fhfi�tf�W � � � � 	'�Np �����v�Wt^ag�e�gighe/T�jh^�l�_a_ 3 P��nlyj�^ag } ghe/o 2�3
P¨e/Z¥ª�e�fLl�TVoAa�l�TCTnl�Z¥�Ve/f � sCW q]£ ��^aT�jh�Ve�^af��nTV^ajhe_V e�_`e ~ e/T4j�� } j�� } j4V 2 l�ghe/o	l�only�Cj�^Xdte�gijhf�lyjhe�U 3 Q
���Ve�l�oVoC^aj�^a�tT	����j��Ce�o } l�_+jhe�f ~ ^`T	jh�Ve�Z } fifhe/T�j�l��C�Vfh�4lyZ¥�w^ag*l�Tnlyj } f�l�_�P¨l 3 ����^`TCZ��tfi���DV
f�l�j�^`TCU�jh�Ve:l�oMRi�t^aT4jGfie�gi^`o } ly_ne�fhfi�tf�^`T4j��*jh�VeElyonl��Cjh^adte�giZ¥�Ve ~ e�Q�b�j�^`_a^XW/^`TVUL^aTC���tf ~ lyjh^`�tT���fh� ~
2 ��j��zj��Ve��Vfh^ ~ l�_ lyTVo�l�oMRi��^`T4jEfie�gi^`o } ly_`g:^`g:e��O��e/Z/jhe�o�j���_`e-lyo[j�� l ~ �tfhe�fh� 2 } gijLl�onl��Cjh^ad�e
l�_aUt�tfh^Xj�� ~ Q

Y 
} _`_ae�f+l�TVo�\�^a_`e/g � ¦4£��V�Vl]d�e:l�oV�t�Cjhe�o�l*gh� ~ e P��Vlyj�oV^ Zxe/fhe�T4j��V�C^`_`��gh�t�V� 3 ^`T�jh�Ve�^af�l�onl��.V
j�^Xdte�gij�fhlyj�e/U 3 ���tf�� } TVZ/jh^`�tTVl�_n� } jh� } j�g/Q � TVgijhe-l�o��y� } gh^aTVU�jh�VeEfie ~ l�^`TC^`TVU�e�fifh�tf�^`T�j��Ve:� } TVZ�V
j�^a�tTnl�_�l�g�lyT l�oVl��Cj�^Xdte�ghe/TVgh�tf/W�jh�Ve 3 ���NZ } g�oV^afhe�Z�j�_ 3 �tTKj��Ve�Z��tfifhe/Z/j�^a�tTKj�e�f ~ �� � � 	��Np������v�Q
� T��Vfi^`TVZ/^`�V_ae�W4j��V^ag¨_ae-l�oVg�j���lyT�l�onl��Oj�^ad�eLl�_aUt�tfi^aj�� ~ ���tf ~ ^`TC^ ~ ^XW�^aTVULj��Ce ~ lyUtTV^aj } oVe:��� j��Ce
Z���fhfhe/Z/jh^`�tT�j�e/f ~ Q%���TPGe/dte/f�W�^a���tTVe�^agLj����Vfhe/ghe/fidte�j��Ve%fi�t_`e�����jh�V^`g*j�e/f ~ l�g�l�T l�Z�Z } f�lyjhe
Z���fhfhe/Z/jh^`�tT ����fGj��CeE� } TVZ�j�^`��Tnl�_MWN^aj ~ l 3 TV�yj 2 eLl�oCdyl�T4j¥l�U�e�� } gGj�� ~ ^`TV^ ~ ^[W�e�^Xj�g ~ l�UtTC^aj } oVe�Q
b�TC_`^`ªyeGjh�Vemfhe ~ ly^`TV^aTVU�e�fhfi�tf+jhe�f ~ g�W�j��Ve¨Z��tfifhe�Z�j�^a�tT�j�e/f ~ ^`g�Z�� ~ � } j�l 2 _aeml�TVo�Ute�TVe/f�l�_a_ 3 l��.V
�Vfi� �O^ ~ lyjhe�g�j��VeG_`e-lyoV^`TVU:�tfioVe�f�e�fhfi�tf+^aT�j��CeG� } TVZ�j�^a�tTnl�_4j��E�V^`Ut��l�Z�Z } f�lyZ 3 p����tf�e��Cl ~ �V_`eyW�ghe/e
j��Ce�� } TVZ�j�^a�tTnl�_ Z���T�d�e�fiUte�TVZ/e�fhe/g } _Xj�g:^`T
fie/��e/fhe�TCZ�e�g � ¢�uNW�¦4sNWxut¢NW�u � �+l�TVo[^`T | e�Z/jh^`�tTCg � QSuCQ ¢
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l�TVoK¦VQSuCQXq v�Q����Ve%grj�f�l�j�e�U 3 ^`T	jh�Ve��Vfie�ghe/T4j PG�tfiª8Wcjh�Ve�fie/���tfie�W ^agEj���j¥lyª�e%l�oCdyl�T4j�l�Ute�����j��Ce
^ ~ �Vfi� d�e�o l�Z�Z } f�l�Z 3 ��fi� ~ Z��tfifhe/Z/j�^aTVU�jh�Ve�� } TVZ/jh^`�tTnly_MW�l�TVo�j�� } gheEjh�VeLl�oVl��Cj�^Xdte:�Vfh�NZ�e/ghg¨jh�
� } frj��Ve/f:e/TV�nl�TCZ�e�j��V^ag�l�Z�Z } f�l�Z 3�243 fhe/o } Z�^aTVU%j��Ve�fhe ~ ly^`TV^aTVU�e�fifh�tf/Q
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���Ve��C�V^`_a�tgh�t�C� 3 lyoV�t�Cjhe�o
���tf�j��Ce�Z } fhfhe/T4j�l�onl��Oj�^ad�e���fhl ~ e_P¨��fhª�^`g:j�� l�_`_a�QP j��Ve } ghe/fEj��Ce
��fhe/e�oV� ~ j���gh�8e�Z/^a� 3 Z/�tT4j�fi�t_��nl�fhl ~ e/j�e/fhg*j��Vlyj�l�fhe ~ �tgrj�fhe�_ae/dyl�T4j�P�^ajh�V^`TKl��Vfhl�Z/jh^`Z�l�_�e�TNV
Ut^aTVe�e/fh^`TCU�oVe�gi^`UtT�Z���T�jhe��Nj-Q¨�LTVe*�tf ~ �tfheE����jh�Ve�gie��nl�f�l ~ e�j�e�fig P�^`_a_ } _Xj�^ ~ lyjhe�_ 3 oCe/�nTVe�j��Ce
j�e/f ~ ^`Tnl�j�^`��TwZ/fh^ajhe�fi^�lz����f�j��Ce l�only�Cj�^Xdte �Vfi�OZ/e�o } fhe�Q����Ce �nl�fhl ~ e�j�e/fhg�jh�nlyj ~ l 3 2 e �Vfhe�V
ghZ/fh^ 2 e/o � "������ ����^aT�j��CeEZ } fhfhe/T4j�gijhf�lyjhe�U 3 ^`TVZ/_ } oCe f¨q]v�l�oCe�gh^afhe/o fhe ~ l�^aTV^`TCU�e/fhfh��fG_ae/dte/_8����f
j��Ce�� } TVZ/jh^`�tTnly_V����^`T4j�e/fhe�grj��O¢tv�l�T } �V�8e�f�_a^ ~ ^aj��tT�j��Ve�j��yj¥l�_VT } ~�2 e/f��y�xoVe/Utfhe/e�g����8��fhe/e�oV� ~
^`T�jh�Ve�gi^ ~ } _�lyjh^`�tT�� � v�lyT } �C��e/f�_a^ ~ ^ajL��T jh�Ve�jh��j¥ly_�Z�� ~ � } jh^`TVU�jh^ ~ e ��l�TVo ¦�v*l�T } �V��e/f
_`^ ~ ^Xj��tT	j��Ce�j���j�l�_�T } ~�2 e/fL���Gl�only�Cj�^Xdte�^Xj�e/f�lyjh^`�tTVg/QL���Ve%l�TC^`gh�yj�fh���V^`Z�l�onl��Oj¥lyjh^`�tT[�Vfh�NZ�e�V
o } fie } ghe/o����tfGjh�VeLdN^`ghZ/� } gmjhe�gij�Z�l�ghe/g�fhe/� } ^`fhe/g�l�oVoV^Xj�^a�tTnl�_§^`TO���tf ~ lyj�^a�tT%j�� 2 eLgh�8e�Z/^a�ne/o[lyg
oV^aghZ } ghghe/o
^aT | e�Z/jh^`�tTz¦VQ c Q ¦VQ

� T j��VeE�Vfh�t�8�tgie�ozl�onl��Oj�^ad�eEgrj�f�l�j�e�U 3 W�PGe*ghe/e�ª�jh��fhe/o } Z/e�l�TVo�e�� } ^aoV^`grj�fi^ 2 } jhe�jh�VeLdyl�_ } e
����l�TKlyonl��Cj�lyj�^a�tT
�nlyf�l ~ e/jhe�f�jh�Vfh� } Ut�V� } jLj��Ve�Z�� ~ � } j�lyj�^a�tTnl�_ oV� ~ l�^aTAP��V^a_`e�gi^ ~ } _aj¥lyTVe_V
� } gi_ 3z~ �tTV^ajh�tfh^aTVU%l�TVo
fhe�o } Z�^aTVU�l�T } �V�8e�f 2 � } TCo	�tT
jh�Ve�e/gij�^ ~ l�j�e�o[fhe ~ l�^aTV^`TCU�e/fhfi�tfE^aT
j��Ce�� } TVZ/jh^`�tTnly_V����^`T4j�e/fhe�grj-Q�k¨��TVgh^aoVe�f�j��Ce:����e/f�lyjh^`�tT%����Z�� ~ � } jh^`TVU�lyT�^aTVTVe�f��Cfh�No } Z/j��]dte/f
j��Ce��nTVe�Utfi^`ocW����4W+e ~�2 e/oVoVe/o P�^ajh�V^`T ����Q��n�tf�e-lyZ¥�¬Z��4lyfhghe�V Utfi^`owe�_`e ~ e/T4j-W�
�W�jh�Ve�fie l�fie

 � p©^`TKjUPG�
oV^ ~ e/TVgh^a�tTVg¥vE�nTCe_V U�fh^`o e�_ae ~ e�T4j�g��]dte/f P��V^aZ¥�¬l[�Vl�fijh^�l�_�^aTVTVe/f��Vfi�Oo } Z/j ~ } grj
2 eLZ�� ~ � } jhe�ocQ��n�tfGe-l�Z¥���nTVe�V Utfi^`o�TV�NoVeyW��rp�
Vv W�P�^ajh�V^`T e/_`e ~ e/T�j 
�WCj��Ce�fhe�lyfheL¦�g } 2 Z/� ~ ���DV
TVe/T�jhg�p�����fGj��Ce�jUPG�DV oV^ ~ e/TVgh^a�tTnl�_8R } _ae�fmlyTVo � l-dN^`e/f�V | j��tªye�gme/� } lyj�^a�tTVg�v�j���j��VeE�Vfh^ ~ l�_§lyTVo
l�oMRi��^`T4j�fhe/gh^`o } l�_ dte/Z/j���fhgEZ/�tfhfie�gi���tTCoV^`TVU%j��%j��Ce ~ l�ghg/W � V ~ � ~ e�T4j } ~ W � V ~ � ~ e/T4j } ~ lyTVo
e�TCe�fhU 3 Z���TVghe/fidylyj�^a�tT�e�� } l�j�^`��TVg�Q�R�� } lyj�^a�tT pM¢NQ ¢Oq]v:g } UtUte�grj�g*j��Ce����t_`_a�TP�^`TVU�oVe/�VTV^ajh^`�tT
����f
j��Ce�lyonl��Cj�lyj�^a�tT��nl�fhl ~ e�j�e/f�W � � WVlyj�e�_ae ~ e�T4j 
 f

� � �
q
¢


��� ���

� �� � 	 �� p � �� � �Gv � �
��� ��� � � �� ��� 
 � �� ��� � ��� ��� ��

� �� � � �� � � 
 � �� � � � � ��� ��� � 	��Np � �� ���Gv � ��� ��� �� � � pM¢OQ ¢t¢tv
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� T jh�V^`g�_�l�grj�e��O�Vfhe/ghgh^a�tTcW�l�j�e/f ~ ���mjh�Ve����tf ~ W ��� � �
� � ��� W����tf�gh� ~ e�Ute�TCe�fh^aZ�d�e�Z/jh�tf�W�� �4W��tT

���4W�fhe���e�fig�j��
jh�Ve ¦��¬q g } 2 d�e�Z�j��tf[p©Z/� ~ ���tTCe�T4j v��y��� ��Z���fhfhe/gh�8�tTVoV^aTVU
jh�	j��Ve �VTVe_V Utfh^ao
TV�NoVe�W �rp 
Vv�WbP�^Xj��V^aT j��Ve Z��4l�fighe�V Utfi^`o¬e/_`e ~ e�T4j�W 
�Q����Ve g } ~�~ lyjh^`�tTw^`T p ¢OQ ¢�¢tv�^ag��]dte/f%l�_`_
�nTVe�V Utfi^`o TC�OoVe/g P�^ajh�V^`T jh�Ve�
�� � Z��4lyfhghe*e/_`e ~ e/T�j�Q��n�tf¨jh�V�tghe*TC�OoVe/g��tT j��Ce 2 � } TVonl�f 3 ����
�W
l��nl�fijh^�l�_nZ/�tT4j�fi^ 2 } jh^`�tT ~ l 3%2 e:^ ~ �V_`^ae�o�oVe/��e/TVoV^aTVU���T �V�TP@jh�Ve�TC�Oonly_8fie�gi^`o } ly_n^`g�oVe/�nTCe�o
���tf�jh�Ve��nl�fijh^`Z } _�l�f�oV^`giZ�fhe�j�^[W-lyjh^`�tTcQ �n�tf�e��Cl ~ �C_`e�W�^`T�jh�Ve�Z-l�giez�y�*l	dte/fij�e��^V 2 l�gie�o �VTV^ajhe
dt��_ } ~ e oV^aghZ�fie/jh^XW-l�j�^`��TcW�j��Ve ��fhl�Z/jh^`�tTnly_¨Z���T�jhfh^ 2 } j�^a�tT¬��fh� ~ l	TV�NoVe��tT¬j��Ce 2 � } TConl�f 3 ���
e�_ae ~ e�T4j 
�^`g��Vfi�t����fij�^a�tTnl�_Vjh��jh�Ve:��fhl�Z/jh^`�tT����cjh�VeLlyghgh�NZ�^`lyj�e/o Z/�tT4j�fh��_§d��t_ } ~ e P�^ajh�V^`T%j��nl�j
e�_ae ~ e�T4j-Q����Ce*�t��e/f�lyjh�tfhg � �� l�TVo � �� l�fieL�Vfh��_`�tTVUtlyj�^a�tT �t�8e�fhlyj���fhg¨jh�nlyj ~ l�� Z/�4l�fhgie_V Utfh^ao
dte/Z/jh�tfhgL��T�jh��jh�Ve��VTVe�Utfi^`ozdO^`l�_a^`TVe�l�f:l�TVo[� } l�oVf�l�j�^`Z�^`T4jhe�fh�8�t_`lyj�^a�tTcWVfie�gh�8e�Z�j�^Xdte�_ 3 Q����Ve/ghe
�Vfi�t_`�tTCU4lyj�^a�tT �t�8e�fhlyj���fhg�l�fie�oCe/�nTVe/o
^aT | e�Z/jh^`�tT[¢OQ ¢OQ

���Ve%l�only�Cj¥lyjh^`�tT[�nl�fhl ~ e�j�e/fL^`T p ¢OQ ¢t¢tv:^agLl Z/f } oVe%ly�V�Vfh���O^ ~ lyjh^`�tTz����j��Ce ~ l�U�TV^aj } oVe�g
����j��Ve��Vfi^ ~ l�_cl�TCo[o } l�_c���tf ~ g�����j��Ve�fhe ~ l�^aTV^`TCU�e�fifh�tf�^`T�jh�Ve�� } TVZ/jh^`�tTnly_MQ����Ve�^`T4j�e/T4j�^`��T
�Ve/fhe
^ag�TC��j jh� � 2 j�l�^`T lw� } lyT�jh^aj�lyj�^Xdte
e/gijh^ ~ lyj�e����Ljh�Ve�gie
j�e/f ~ g�W 2 } j fhlyj��Ve/f�jh� e�grj¥l 2 V
_`^agh�
l�T�^`TVoC^`Z-l�j�^`��T[�����C�QP jh�Ve 3 l�fhe�oV^`grj�fh^ 2 } jhe�o
jh�Vfh� } Ut�V� } j�j��Ve�oV� ~ l�^`TcQ:���Ve�fie�gh^ao } l�_
�t�8e�fhlyj��tfig*^`T	jh�Ve�e��O�Vfie�ghgi^`�tT ���tfEjh�Ve%l�onl��Oj¥lyjh^`�tT��nlyf�l ~ e/jhe�f*l�fie�e/dyl�_ } lyj�e/o } gh^aTVU�_`^`TCe-l�f
�Vfi�t_`�tTCU4lyj�^a�tTVg*���Gj��Ve�fhe/gh�8e�Z/jh^ad�e Z��tl�fhgie_V U�fh^`o gh��_ } jh^`�tTVg/Q � ^`TCe-l�f��Vfh��_`�tTVUtlyj�^a�tT�^`g�Z¥�V�tgie�T
�]dte/fm� } l�oVfhlyj�^aZE^`T�j��V^ag¨Z-lyghe 2 e�Z�l } gheLjh�Ve ~ l�UtTV^Xj } oCe�g���� j��VeEfhe�gi^`o } l�_`g�j�e�TCo j�� 2 eE_`l�fhUte/f�W
Ut^XdO^aTVU�l ~ �tfhe�Z��tTCghe�frdylyj�^Xdte 2 � } TVo��tT	jh�Ve�fhe ~ l�^aTV^`TCU e�fifh�tf�j�e�f ~ g/Q����Ce���e/fij } f 2 lyjh^`�tTCg
� ���Ll�TVo � �
�L^`T
pM¢NQ ¢Oq]v�lyfhe:fhe��C_�l�Z/e�o 243�~ e-l�g } fhe/g¨����j��Ve�_`�NZ-l�_V^aT4j�e�fi����_�lyjh^`�tT�e/fhfh��fG^aT�j��Ce
�Vfi^ ~ l�_4l�TVo�l�oMRi��^`T4j gh�t_ } j�^a�tTVg/Wyfie�gh�8e�Z�j�^Xdte�_ 3 Q � T��nl�frj�^aZ } _`l�f�W]gie/jhjh^`TVU
� ��� � � �� ��� 
 � �� ���
l�TVo � �
� � � �� � � 
 � �� � � l ~ � } T�jhg+j��Ljh�Ve�l�gig } ~ �Cjh^`�tT�jh�nlyj�jh�VemoV� ~ ^aTnl�T4j�Z/� ~ �8�tTVe/T4j
����j��Ve�_a�OZ�l�_ce�fifh�tf�^aT�jh�Ve��Vfh^ ~ ly_cl�TVo[l�oMRi��^`T4j�gh�t_ } j�^a�tTVgm^ag�Z¥�nl�f�lyZ/j�e/fh^[W�e�o 243 j��Ve�^aT�jhe�fi���DV
_�l�j�^`��T�e�fhfi�tf�Q����V^ag�oC�Oe/g�TC��j��Vfhe/Z�_ } oVe�jh�Ve%TV��jh^`�tT�j��Vlyj�j��Ve � �*'
�#���y�Gjh�Ve�gie _`�NZ-ly_�e�fifh�tfig
~ l 3 } _ajh^ ~ lyj�e/_ 3�2 e�l�jhj�fi^ 2 } j�e�o�jh��fie�gi^`o } ly_ e�fhfi�tfhg�^aTzfie ~ ��j�e*�Vl�fijhg:�y��jh�Ve�oV� ~ l�^`TcQ

� e/j ��oVe/TV��jhe�jh�Ve�g } ~�~ l�j�^`��T ��� � � �]d�e�f�l�_`_�e�_`e ~ e/T4j�g�^`T ����Q����Vlyj:^`g�W

� � 

�

� � � pM¢OQ ¢ � v

« ^ajh� jh�Ve[�Cfhe�gie�TVZ/e	����j��Ve[l 2 gi�t_ } jhe�d�ly_ } e�gh^aUtTVg�^`T pM¢NQ ¢t¢�v�W �	fhe��Cfhe�gie�T4j�g l�T } �V��e/f
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2 � } TVoK�tT�j��Ce�e�gijh^ ~ lyj�e/o�fhe ~ l�^aTV^`TCU e�fifh�tf*^aT	j��Ve�� } TVZ/jh^`�tTnly_MQ � T _a^`Ut�4jE����j��V^ag�W l Ut_a� 2 l�_
l�only�Cj¥lyjh^`�tT��Vl�f�l ~ e/jhe�f�Z�l�T 2 e�oVe/�VTVe�o
l�g

��� � �

� 

� pM¢OQ ¢y¦�v

P��Ve/fhe � 
 ^`g�l } ghe/f�V gh�8e�Z�^X�ne�o oVe�gi^`fhe/o e/fhfh��fG_ae/dte/_MQ����Ce�Ut_a� 2 l�_Ce�fhfi�tf�Z�fh^Xj�e/fh^`��T�^ag�g�lyjh^`gi�Ve�o ^X�
��� � q P��V^a_`e�� } fij��Ce�fmfie/�nTVe ~ e/T4j�^`gGfhe�� } ^afhe/o�^a� ���
! qtQ�b�gh^aTVU�jh�V^`g ~ e-lyg } fieLl�_a�tTVe�PG� } _ao
_`e�l�o
jh� } TV^X���tf ~ Utfi^`o.V fhe��nTVe ~ e�T4jE�tTV_ 3 QE����Z�� ~ �V_ae/j�e�j��Ce`\.V fhe��nTVe ~ e�T4j*grj�fhlyj�e/U 3 l�_`�NZ-l�_
l�only�Cj¥lyjh^`�tT��nlyf�l ~ e/jhe�f ~ } gijEl�_agh� 2 e�oVe/�VTVe�ocQ���T	l��C�Vfh�t�Cfh^�l�j�e�_`�NZ-l�_ e/fhfi�tf ~ e-lyg } fie�Z�l�T
2 e¨oVe�j�e�f ~ ^aTVe�o 243 ^aT�d��tª�^`TVU:j��VeG�Vfh^aTVZ�^a�V_`e����Ve�fhfi�tf�e�� } ^`oC^`gijhfh^ 2 } j�^a�tT � uCW�uts �MQ � T��nl�frj�^`Z } _�lyf�W
l�T lyjhjhe ~ �Cj�^`g ~ l�oCe�jh��e/� } ^`oV^agij�fi^ 2 } j�e � � �]dte/fml�_a_ne�_ae ~ e�T4j�g�^`T%j��Ve�oV� ~ l�^`TxQ � T jh�V^`g�d�e�^`TxW
l�_`�NZ-l�_cl�onl��Cj�lyj�^a�tT��nl�fhl ~ e/j�e/f�^`g�oVe��nTVe/o	l�g

� � �
� ��� 
 � pM¢OQ ¢ c v

P��Ve/fhe �� 
 � � 
 � 
���^`g�j��Ve�j¥l�fiUte/jEe�fhfi�tf����tf�e�l�Z¥��e�_ae ~ e�T4j*lyTVo 
���^ag:jh�Ve�jh��j¥l�_ T } ~�2 e�f����
e�_ae ~ e�T4j�g+^`T�jh�VemZ } fhfie�T4j�Utfh^aocW ����Q����Ve¨_`�NZ-l�_�Z�fi^ajhe�fh^a�tT�^ag+ghlyj�^agi�ne/o�^a� � � � q�P��V^`_aeG� } frj��Ve/f
fhe��nTVe ~ e/T�jL����e�_ae ~ e�T4j�
[^agE^`TCoV^`Z�lyj�e/o	^a� � � ! qtQ*��^`Tnl�_a_ 3 W§lyjLe�l�Z¥�Kl�onl��Oj�^ad�e�^ajhe�fhlyj�^a�tTcW8l
TVe_P oVe�gi^`fie�oze�_`e ~ e/T4j�gh^XW/e�W ���� ^`g�Z/� ~ � } j�e/oz��fi� ~ jh�Ve��t_`o��tTCe�W � � W§lyZ�Z���fhoV^aTVU�j��

� �� � � � � q
��� � �	��
 � pM¢OQ ¢�u4v

���Ve } TVoVe/fhfie�_�l �Vl�j�^`��T��nlyf�l ~ e/jhe�f
�	Z/�tT4j�fi�t_`g��V�TP l�UtU�fhe�gigh^Xdte�_ 3 e-lyZ¥��g } 2 ghe�� } e/T4j�Utfh^ao�^`g fhe�V
�nTVe/o�o } fi^`TVUEjh�Ve¨^Xj�e/f�lyjh^adteGl�only�Cj�^Xdtem�Vfi�OZ/e�gig�Q � �njh�Vemfhe��nTVe ~ e/T�j��Vfh�NZ�e/o } fhe¨oV�Oe/g�TV��j�l�_`_a�TP
���tfLZ/�4l�fighe�TC^`TVUVWcl�T�^`Tnly�V�Vfh���Vfh^`lyj�e/_ 3 _�l�fiUte�Z¥�C�t^`Z/e����tf��	PG� } _`o�_ae-l�o	jh���]dte�fUYNfhe��nTVe ~ e/T�j�W
fhe/g } _Xj�^aTVU�^`T l�g } 2 �t�Oj�^ ~ l�_§�nTnl�_8Utfi^`o"P�^Xj�� ~ �tfhe�e�_ae ~ e�T4j�g¨jh�nl�T ^ag¨TVe/Z�e/ghg�lyf 3 ���tf�j��VeE�Vfhe�V
ghZ/fh^ 2 e/o	_`e�dte�_ ����e�fhfi�tf�Q � ��Z/�4l�fighe�TC^`TVU�^`g�l�_`_a�QPGe�oxW§jh�Ve�T
l�_`l�fhUte�dyl�_ } e��y���IPG� } _ao	_`e�l�ozjh�
�tgiZ�^`_a_�lyjh�tf 3 U�fh^`o Z��tT4dte/fhUte/TVZ�eyW$P��Ve�fie 243 j��CeLUtfh^ao ^`g¨Z��tT4j�^aT } l�_`_ 3 �]dte�fUY l�TVo } TVoCe�f�Y�fhe/�VTVe�o
^`T l�T l�_ajhe�fiTnlyj�^aTVU	�©l�gi�V^`�tTxQ@k¨�tT4d�e�fhgie�_ 3 W�l�T ^`Tnly�V�Vfh���Vfh^`lyj�e/_ 3 g ~ l�_`_¨dyl�_ } e����tf�� PG� } _ao
�Vfi�t_`�tTCU�j��CeLl�only�Cj�^XdteE�Cfh�NZ�e�gig 243 ^aTVZ�fie-l�gi^`TVU�j��Ve:j���j�l�_�T } ~�2 e/f¨����l�oVl��Cj�^Xdte�^aj�e/f�lyjh^`�tTCg�jh�
Z���T�d�e�fiUte�TVZ/e�Q��ETwl��V�Vfi�t�Vfh^`lyj�e�d�ly_ } e����tf�� Z-lyT 2 e%oVe�o } Z�e�o 243 e��Cl ~ ^`TV^aTVU j��Ce�lyg 3N~ �NV
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j��yj�^`Z�Z/�tT4dte�fiUte�TCZ�e�f�l�j�e�g�����j��Ve[Ut_`� 2 l�_�l�TVo _`�NZ-l�_�lyonl��Cj�lyj�^a�tT �nl�f�l ~ e�j�e�fig�Q �:} ~ e/fh^aZ-l�_
fhe/g } _Xj�g%^`TCoV^`Z�lyj�eKp�ghe/e | e/Z/jh^`�tT � QSuCQ ¢tv�j��nl�j ����� � � ����p ����]v P�^aj�� ¢ ��� � � P��Ve�fie
�� ^`g*lyTwl-d�e�f�lyUte%e�_`e ~ e/T4j�gh^XW/e%^`T	j��Ce�U�fh^`oxQ����Ve/ghe�fhe�g } _ajhg�l�fhe�� 2 j¥l�^aTVe�o 243�~ �tTV^Xj��tfi^`TVU
j��Ce Z��tT4d�e�fhU�e�TVZ/e[��� ����l�TVo � � �tT�l	ghe/fh^ae�g���� } TC^a���tf ~ _ 3 fhe��nTVe�o Utfi^`oVg����tf�l�T�^aT4dO^aghZ/^`ocW
g } 2 gh�tTC^`Z�jhe�gij�Z�l�ghe P�^Xj��V� } jLUte/� ~ e/j�fi^`Z�^`fhfie�U } _�l�fi^aj�^ae�g/Q�� �Ce } fi^`gijh^`Z����tfEoVe�j�e/f ~ ^`TV^aTVU �!^ag
j��zfhe/TVoVe/f�jh�Ve�TVe P e�_`e ~ e/T4j�gi^XW/e�^aTVoVe/��e/TVoVe�T4j����m^Xj�g*Z } fhfie�T4j�gi^XW/e ��jh�nlyj�^`g/Wcj��zZ¥�V�N�tghe �
g } Z¥�zjh�nlyj � �� ����p<q v�Q � T�jh�Ve*�Vfhe/ghe/T�j:Z�l�ghe�PGe�l�ghg } ~ e�l�Z/�tT4dte�fiUte�TCZ�e���� ��� � � ����p ��	� v
3 ^`e/_`oV^aTVU l �Ce } fi^`gijh^`Z�d�ly_ } e���� � � q �y¦"P��C^`Z¥��^`g } ghe/oK^`T	ly_`_ j��Ve�� } j�� } j4V 2 l�ghe/oKl�onl��Cjh^ad�e
gh^ ~ } _`lyj�^a�tTVg�^`T�j��C^`g�oV^`gighe/fij¥l�j�^`��TcQm���V^ag�gi^ ~ �V_`e�Z���T�d�e�fiUte�TVZ/e�f } _`e ~ l 3 TV��j 2 e�dyl�_a^`o�TVe-lyf
gh^aTVU } _`l�fh^Xj�^ae�g�W�oC^`ghZ/�tT4j�^aT } ^aj�^ae�g��tf�U�e�� ~ e/jhfh^`Z�^afhfie�U } _`l�fh^Xj�^ae�g�Q � e/d�e�frj��Ve/_`e�gig�Wmjh�Vezl�onl��Cjh^ad�e
�Vfi�OZ/e�o } fie�e��O�V^ 2 ^ajhg�fh� 2 } gij�Utfi^`o.V Z��tT4d�e�fhU�e�TVZ/e�W } g } ly_`_ 3 j�e/f ~ ^`Tnl�j�^`TCU	ly� jhe�f � Y�¦Kl�onl��Cjh^ad�e
^ajhe�fhlyj�^a�tTVg�fie�U4l�fioV_`e/ghg%���:j��Ve j 3 �8e[�y�Efie/�nTVe ~ e/T4j ly_`Ut�tfi^ajh� ~ e ~ �V_`� 3 e/ocQ a�e/��e�fie�TVZ/e � ¦t¦ �
�Vfi� dN^aoVe�g�� } frj��Ve/f:oC^`ghZ } ghgi^`�tTz�tTzUtfh^ao�Z��tT4d�e�fhU�e�TVZ/e����tf�l�oVl��Cj�^Xdte ~ e/j��C�OoVg/Q

� P¨� j 3 ��e/g ���Ll�onl��Cjh^ad�ezfie/�nTCe ~ e�T4j lyfhe } ghe/o ^aT jh�V^`g PG�tfhª§Q � grj¥l�TVoVl�fho ^`gi��j�fi�t�V^`Z
\^YNfhe��nTVe ~ e�T4j�gijhf�lyjhe�U 3 P�^Xj��V� } j%Z��4lyfhghe/TV^`TCUw^ag�e ~ �V_`� 3 e/o ����f�j��Ve�^`T4dN^`giZ�^ao �Cfh� 2 _ae ~ g����
k¨�nl��Oj�e�fig � Q!�n�tf�j��VezdN^`ghZ/� } g�gh^ ~ } _�lyjh^`�tTCg�����k¨�nl��Oj�e�f�¦VWmj��Ce	Pm��¢�� � q ¢ �ElyTV^`gi��j�fi�t�V^`Z
Utfi^`o U�e�TVe/f�lyjh�tf�^ag�e ~ �V_a� 3 e�o¬jh�
fie�Ute/TVe�fhlyj�e jh�Ve U�fh^`oCg�lyj�e-l�Z¥� lyonl��Cjh^adte�^ajhe�f�l�j�^`��TcQ����Ve
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6 Mach Number - Gaussian Bump
M∞ = 0.38

Min Level: 0.31
Max Level: 0.68
Increment: 0.02
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Adaptive indicator: Pressure-based
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Drag Convergence - NACA 0012 - M∞ = 0.95 - α = 0o

Adaptive indicator: Adjoint-based - e0 = 0.01
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Drag Convergence - NACA 0012 - M∞ = 0.95 - α = 0o

Adaptive indicator: Adjoint-based - e0 = 0.0005
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Initial grid - 990 nodes Final grid - 3522 nodes
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Final grid - adaptation parameter

Min Level: 3.0e-6
Max Level: 1.8e-4
Increment: 1.5e-6
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Initial grid - adaptation parameter

Min Level: 3.0e-6
Max Level: 1.8e-4
Increment: 1.5e-6
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6th grid
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Drag Convergence - NACA 0012 - M∞ = 0.95 - α = 0o

Adaptive indicator: Pressure-based, scaled with H2
k
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Cylinder Drag - Re= 10 - M∞ = 0.38
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Leading Edge
Blow-up

Output-Based Adaptation (Drag)

-0.15

-0.15

-0.1

-0.1

-0.05

-0.05

0

0

0.05

0.05

0.1

0.1

0.15

0.15

0.2

0.2

0.25

0.25

0.3

0.3

-0.15 -0.15

-0.125 -0.125

-0.1 -0.1

-0.075 -0.075

-0.05 -0.05

-0.025 -0.025

0 0

0.025 0.025

0.05 0.05

0.075 0.075

Computed Drag = 0.0557
True Value = 0.0555

Error = 0.3%

I 14-0?)/2,  Q 9<; % � � � � ;O;�9 � � 14/@HI<014E
:=,8>�:dD
9;>2, %���, 7 U���;O;F; � >@? 7 ; �DU � � 7 ; � P[Q"<0C�%
S%6%9;ET9;3%9	CG:2,83 -0/2143 ?G>21B6G- <0?G:2C)?G: * � 9	>@,83 9;3%9	CG:=9;:=14<06 N�14:=+�9 /2,��f?),7>@:2,83 ,7/2/2<	/ME4,7J	,8EF<	H
�'& 7J; �D;O;F;OC�9 � U HI<	/�:=+),a3)/29	-)P��K<	:@:=<0X %	S%6%9;Ee9	3%9	CG:2,83^-0/2143b?)>2146)- C)?)/@,5�V,8>2>@1 9	6 * � 9	>@,83
9	3%9;CG: 9;:21B<06 N�14:2+ � 7 � ;O; PVQ�+G,AD8<0XWC)?G:2,83 3G/=9	- J;9	E4?),8>V>2+G<�N�6 146 :=+G,5C)E4<	:=>VD8<0/@/2,7>2C]<06)3
:=< � 9	>@,5J;9	EB?),7>VN�1Z:=+)<	?G:�D7<0/2/@,8D\:=1B<	6gP�Q�+),5:=/@?),TJ;9	E4?),c1B>�:=+), � 9	>2,T3)/=9;- D8<	XYC)?`:=,83[<06[:=+G,
S%6),F-0/@1B3K�
� 7 �O��9	>2>@<`D71 9;:2,83 N�14:2+ :2+),_:=<0CM-0/@1B3gP

9O9<C



0.550

0.530

-0.5 0 0.5 1 1.5 2 2.5 3 3.5

-2

-1.5

-1

-0.5

0

0.5

Mach Number - 3035 NodesPureHessian-Based Adaptation

Leading Edge
Blow-up

min: 0.00
max: 0.60
incr: 0.01 0.420

0.450

-0.15

-0.15

-0.1

-0.1

-0.05

-0.05

0

0

0.05

0.05

0.1

0.1

0.15

0.15

0.2

0.2

0.25

0.25

0.3

0.3

-0.15 -0.15

-0.125 -0.125

-0.1 -0.1

-0.075 -0.075

-0.05 -0.05

-0.025 -0.025

0 0

0.025 0.025

0.05 0.05

0.075 0.075

0.530
0.550

-0.5 0 0.5 1 1.5 2 2.5 3 3.5

-2

-1.5

-1

-0.5

0

0.5

Mach Number - 2904 Nodes

NACA 0012 - Re = 5,000 - M ∞ = 0.5 - α = 0o

Leading Edge
Blow-up

min: 0.00
max: 0.60
incr: 0.01

Output-Based Adaptation (Drag)

0.450

0.420

-0.15

-0.15

-0.1

-0.1

-0.05

-0.05

0

0

0.05

0.05

0.1

0.1

0.15

0.15

0.2

0.2

0.25

0.25

0.3

0.3

-0.15 -0.15

-0.125 -0.125

-0.1 -0.1

-0.075 -0.075

-0.05 -0.05

-0.025 -0.025

0 0

0.025 0.025

0.05 0.05

0.075 0.075

I 14-0?)/2,  Q 9O9 % � � � � ;O;�9 � � 14/@HI<014E
:=,8>�:dD
9;>2, %���, 7 U���;O;F; � >@? 7 ; �DU � � 7 ; � P[Q"<0C�%
C)E4<	:�<	He:2+), �[9	D +^6f?)X � ,8/�3G1B>@:2/21 � ?G:=14<06[<	6 :=+),8S%6)9	E
9	3)9	CG:=,73 -0/2143 ?)>2146)- <0?G:2C)?G: * � 9	>@,83
9	3%9;CG: 9;:21B<06 P � /@,��f?),7>@:=,73 ,8/@/2<0/WEB,\J0,8E�<	H_�'& 7 ; �D;F;O;OC�9 � U 14>YCG/2,8>@D8/@1 � ,83 HI<	/W:2+), 3G/=9	-)P
�K<	:@:=<0X % �[9	D + 6L?GX � ,7/d3)1B>�:=/@1 � ?G:21B<06 <06 :=+),�S%6)9	E�9	3)9	CG:=,73 -0/2143 ?)>2146)-bC)?)/@,T�V,8>@>21 9;6 *
� 9	>@,83[9	3%9	CG:=9;:=14<06 N�14:2+ � 7 � ;F; P

9O9  



�%< N >2,8C)9	/=9;:2,8>AHI/@<0X :=+), >@?)D7:21B<06 >@1B3), <	H�:=+), 9;1B/@HI<	1BEe9;:a9;C)C)/2<�
`1BXY9;:2,8E��b:2+), UF; � D +)<	/23
C]<0>21Z:=1B<	6[N�+)1BE4,A/2,7X 9;1B6)146)- 9;:@: 9	D +),73 <	6 :2+),dEB< NO,8/_>@?)/@H 9	D7,	PdQ�+),dHI?)6GD7:=14<06%9	E4>�D8<	6)>2143),8/@,83
HI<0/_:=+G1B>F:=,8>�:5D89	>2, 9	/2,a:=+G, EB1ZHS:F9	6)3 3)/=9;-[D8<L,! WD71B,86 :2>8P Q�+),W1B6)1Z:=1 9;E
-0/2143 1B6 :2+),Y9	3%9	CG:214J	,
>214XA?)EB9;:=14<06)>"1B>'>@+)< N�6Y146 I 14-0?)/2,� Q E P Q�+),�H 9;/(S%,7EB3 � <0?)6)3%9;/(�T1B>
C)EB9	D8,73a9;: 9�U D +)<0/23G>8P Q�+)14>
:=,7>@:5D
9	>@, 1B>c1B6GD8EB?G3),83^:=<M3),8XW<06)>�:=/=9U:=,YN�+G,7:=+G,8/T:2+), CG/2<0C]<0>2,73 <0?G:2C)?G: * � 9	>@,83 >@D +),8XW, 14>
9 � E4,�:=<a/2,7>2<0EZJ0,_:=+G,c>@,8C%9;/=9;:21B<06 � ? ��� EB,c9	6)3MD8<	/2/2,7D7:2E�� C)/@,83)14D7:�:2+),c9	,8/@<`3��L6%9;XY14D�HI<0/2D7,8>8P

� 14HS: * � 9	>2,73 >@1BXA?)EB9;:=14<06)>*9	/@,�C],8/�HI<0/2XW,83WHI<0/ SGJ0,�3)1 # ,7/2,76f:K,8/@/2<0/e:=<0E4,8/29	6)D8,7> %e�'& 7 ; � ;�U �
; P ; � U � ; P ;�9 � U � ; P ;O; � � U ��9	6G3 ; P ;F;OC�9 � U P�Q�+),TS%6%9	E�9	3%9	CG:2,83.-	/21B3G> /=9;6)-0,[146.>21 �8,MHI/2<0X
C)( � 6)<L3),8> � �'& 7 ; � ;�U ��:=<T [  U 6)<L3),8> � �'& 7 ; � ;O;OC�9 � U �\P���/29	- * � 9	>2,73 >214XA?)EB9;:=14<06)>F9	/@,
C],8/@HI<	/2XW,83bHI<0/_�'& 7 ; � ;O;�U � ; P ;F; � U � ; P ;O;�9 � U � ; P ;O;O; � � U � 9	6)3 ; P ;O;O;OC�9 � U N�14:2+NS%6%9	E -0/@1B3)>
/=9;6)-01B6G-M146 >@1��7,WHI/@<0X C�UFE 6)<L3),8>5� �'& 7 ; � ;O;�U ��:=< C  [ ( 6)<L3),8>5� �'& 7 ; � ;O;O;OC 9 � U � P � ?)/@,
��,7>2>@1 9	6 * � 9	>2,73 9;3%9	CG:=9;:=14<06 1B>dC],8/�HI<0/2XW,83 HI<0/ SGJ0,MXA?)E4:21BC)E41BD89;:=1ZJ0,dH 9	D7:2<0/2>!% � 7 � U � UF; �
9<;O; �.� ;O; �
9	6)3  ;O; P Q�+), S%6%9;EK-0/@1B3)>T/=9	6)-	, 1B6 >@1��7, HI/2<0X � � C 6)<L3),8> � � 7 � U �c:2< � C)(OU
6)<L3),8>W� � 7  ;O; �\P Q�+), E4,7HS:dC)E4<	:A146 I 1B-	?)/2,  Q 9 �[>@+)< N�>a:2+), � 9	>@, 9	6)3 D8<0/@/2,7D7:=,73 E414HS:
J;9	EB?G,8>5HI/@<0X :2+), S%6%9	E�9	3%9	CG:2,83 -0/@1B3)>5?)>2146)- EB14HS: * � 9	>@,83 9;3%9	CG:=9;:=14<06 9	6)3 �V,8>2>@1 9	6 * � 9	>@,83
9	3%9;CG: 9;:21B<06 PVQ�+G,AEB1ZHS:�14>�9	E4>2<YD8<0XWC)?G:2,83 <06 9Y>2,7/214,8>�<	H*9;3%9	CG:2,83 -0/@1B3)>V?)>@1B6)-���� ��� * � 9	>2,73
9	3%9;CG: 9;:21B<06 PVQ�+G, S%6), *L-0/@1B3 J;9	E4?),5>@+)< N�6b1B6M:=+),TC)EB<	:V14>�D8<	XYC)?`:=,83[<06 9 >@1B6)-	EB,+S%6), *L-0/2143
�
� 7 �O�TD7<0/2/@,8>@C <06G3)1B6)-b:2< :2+), S%6),7>@:Y9	3%9;CG:=,73 -0/@1B3 HI/@<0X :2+), EB1ZHS: * � 9;>2,83 >21BX5?)E 9;:21B<06G>8P
Q�+)14> S%6G,�-0/@1B3WD8<06 :=9	1B6)> 9<EO[  � 6)<`3G,8>8P Q�+G,�/@1B-0+ :*C)EB<;:O>@+)< N�>O:2+),�D7<0/2/@,8>@C <06G3)1B6)-T,8/@/2<0/@>O146
:=+G,WE414HS:�XY,89	>2?)/@,83bN�14:2+ /2,8>@C ,7D7:F:=< :2+),W9;HI<0/2,7XY,76 :=1B<	6),83NS%6G, *L-0/@1B3bJ;9	EB?G,	PAQ�+), PLNK9	6)>@<06
��� �	��� J;9	E4?),Y>@+)< N�6 1B6 :2+), CGEB<	:T1B>T< � : 9;1B6),73 HI/2<	X /@,7HI,7/2,86GD8, # � ;&% P PLNK9	6)>@<06 ��� �	���[?)>@,
9 S)6)14:2,FJ	<0EB?GXY,c3)1B>@D8/@,7:=1 �
9;:21B<06 :2+%9;:�,8XWC)EB<<�L>V9Y>@:2/2?)D\:=?)/@,83 � * :��`C],5-	/21B3 N�14:2+ U 9 � � 9 � E
D8,7EBE4>�9	6)3 H 9	/(S%,7EB3 � <0?)6)3)9	/(� 9U: 9�; D +G<0/23)>7P

� : 14>Y,\J`143),86 :YHI/2<0X I 14-0?)/2,  Q 9 � :2+%9;:W:=+), EB1ZHS: * � 9;>2,83 >2D +G,8XW, < # ,8/2> 9 D7<06)>2143),8/29 � E4,
1BXWC)/@<�J	,8XW,86 :O1B6 E414HS:O9	D7D8?)/29	D#�W< J0,7/�C)?)/@,	��,7>2>@1 9	6 * � 9	>2,73 9	3%9	C`: 9;:21B<06aHI<0/*-0/2143)>O<;HhD8<0XWC%9 Q
/=9 � EB,A>@1��7,	P � >F, 
GC],8D\:=,73 � E414HS:�9	D8D7?)/=9	D��b<06b:=+G,W3G/=9	- * � 9	>2,73 -	/21B3G>�1B>_146GHI,8/@1B<0/V:=< :=+%9U:F<06
:=+G,WE414HS: * � 9	>@,83b-0/@1B3)>7P ��,\J0,8/�:=+),7EB,7>2> �#:=+G,W3G/=9	- * � 9	>2,73 -	/21B3G>�-0,86G,8/=9;EBE��T�L1B,8E43b>2?)C],8/@1B<0/_E414HS:
9	D7D8?)/29	D#� /@,8E 9U:=14J	,�:=<d:=+G, �V,8>@>21 9;6 * � 9	>@,83 -0/2143)>8P

I 1B-	?)/2,� Q 9 ��1B>'9	6%9	E4<0-0<0?)>#:=< I 1B-0?G/2,  Q 9<C ,�
`D8,7CG: :=+)9;:':2+),�3)/29	-�1B> C)EB<;:2:=,73A1B6c:=+),KE 9;:@:=,8/
S%-0?G/2,	P Q�+G, S%6G, *L-0/@1B3aJ;9	EB?),�>@+)< N�6 1B6a:=+),VEB,\HS: *L+)9	6)3WC)EB<	:*<	H I 1B-	?)/2,$ Q 9<C 1B>eD8<0XWC)?G:2,83Y<06

9O9�U



Nodes

L
if

t

0 2500 5000 7500
0.025

0.05

0.075

0.1

0.125

0.15

0.175

0.2

0.225

0.25

0.275
Hessian Based
HB - Corrected
Output Based
OB - Corrected
Output Based (Drag)
FineGrid
Swanson et. al.

NACA 0012 - Re= 5,000 - M∞ = 0.5 - α = 3o

Lift Convergence

Log10(Nodes)

L
og

10
(E

rr
or

)

2.5 3 3.5 4
-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

Hessian Based
HB - Corrected
Output Based
OB - Corrected
Output Based (Drag)

Error Convergence (Lift)

I 14-0?)/2,  Q 9 � % � � � � ;O;�9 � � 14/@HI<014E':=,7>@:AD89	>2,�%���, 7 U ��;O;O; � >@? 7 ;��VU � � 7 C � P�� EB<	:2>
<	H :=+), � 9	>@,59;6)3 D7<0/2/@,8D\:=,83 EB1ZHS:H� E4,7HS: � �%9	6)3 D8<0/@/2,7>2C]<06)3)146)-Y,7/2/@<0/2> � /@1B-0+ :��OHI/2<0X 9a>2,7/214,8>�<	H
9	3%9;CG:=1ZJ0,d>214XA?)EB9;:=14<06)>8P I 1ZJ0,d3)1 # ,7/2,76f:F,7/2/@<0/�:=<0E4,8/29	6)D8,7>_<06 :=+G,WE414HS:�9	/2,A>@C ,7D81�S%,83 HI<0/�:=+G,
<0?G:2C)?G: * � 9	>@,83 >214XA?)EB9;:=14<06)>c/=9	6)-	1B6)-MHI/2<0X �'& 7 ;��D;�U :=<b�'& 7 ;��D;F;OC�9 � U P I 1ZJ0, 3G1$# ,8/2,76 :
XA?)EZ:=14C)EB14D
9;:214J0,VH 9	D7:2<0/2>�9	/@,TC)/@,8>@D8/21 � ,73[HI<0/�:=+G, �V,8>2>@1 9	6 * � 9	>@,83 >@1BXA?)EB9;:=14<06)>�/29	6)-0146)-dHI/2<0X� 7 � U :=< � 7  ;O; P � EB>2<d>@+)< N�6 14>K:=+G, � 9	>2,_E414HS:OD8<0XWC)?G:2,83 <06M9A>2,7/214,8>�<	H'9	3%9	C`:=,83 -0/@1B3)>
?)>@1B6)-_<0?`:=C)?G: * � 9	>@,83W9	3%9;CG: 9;:21B<06T<06A:=+G, �������	P Q�+), S%6), *L-0/@1B35J;9	E4?),�>2+G<�N�6a1465:=+),�E4,7HS:'C)EB<	:
1B>_D7<0XWC)?G:=,73 <06^9 >@1B6)-	EB, S%6G, *L-0/@1B3 ��� 7 �O��D8<0/@/2,7>2C]<06)3)146)- :=< :=+),8S)6),8>�:A9	3)9	CG:=,73 -0/2143
HI/2<	X :=+),F<0?`:=C)?G: * � 9	>@,83M>214XA?)E 9U:=1B<	6)>�<06 :=+),FE414HS:
P � /@/2<0/@>�1B6 :=+),F/@1B-0+ :�C)E4<	:V9	/2,_XW,
9;>2?)/@,83
N�14:2+ /2,7>2C],8D7: :2< :=+)14>5S%6), *L-0/2143.J;9	EB?),;PRQ�+G, PLN�9;6)>2<06 ��� �	��� J;9	E4?), 1B> < � : 9;1B6),73.HI/2<0X
/2,\HI,8/@,86)D7, # � ;&% P

9O9 �



Nodes

D
ra

g

0 2500 5000 7500

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13

0.14
Hessian Based
HB - Corrected
Output Based
OB - Corrected
Output Based (Lift)
FineGrid
Swanson et. al.

NACA 0012 - Re= 5,000 - M∞ = 0.5 - α = 3o

Drag Convergence

Log10(Nodes)

L
og

10
(E

rr
or

)

2.5 3 3.5 4

-6

-5

-4

-3

-2

-1

Hessian Based
HB - Corrected
Output Based
OB - Corrected
Output Based (Lift)

Error Convergence (Drag)

I 14-0?)/2,  Q 9<C % � � � � ;O; 9 � � 1B/�HI<01BEg:2,8>@:�D
9	>@, % ��, 7 U���;O;F; � >@?M7M;��DU � � 7 C � P � E4<	:=>V<	H
:=+G, � 9	>2,a9;6)3bD8<0/@/2,7D7:=,73 3G/=9	- �IEB,7HS:���� 9	6)3 D8<0/@/2,7>2C]<06)3)146)- ,8/@/2<0/@> � /214-0+ : ��HI/2<0X 9 >2,7/21B,7>_<	H
9	3%9;CG:=1ZJ0,_>214XA?)EB9;:=14<06)>8P I 14J	,_3)1$# ,8/@,86 :�,8/@/2<0/�:2<0EB,7/=9	6GD8,8>�<	6 :2+),_3)/29	-a9	/2,_>@C ,7D81�S%,83 HI<0/�:=+G,
<0?G:2C)?G: * � 9	>@,83b>214XA?)EB9;:=14<06)>�/=9;6)-01B6G-WHI/@<0X �'& 7 ;�� ;O;�U :=< �'& 7 ;�� ;O;O;OC�9 � U P I 1ZJ0,53G1$# ,8/2,76 :
XA?)EZ:=14C)EB14D
9;:214J0,VH 9	D7:2<0/2>�9	/@,TC)/@,8>@D8/21 � ,73[HI<0/�:=+G, �V,8>2>@1 9	6 * � 9	>@,83 >@1BXA?)EB9;:=14<06)>�/29	6)-0146)-dHI/2<0X� 7 � U :2< � 7  ;O; P � EB>@<[>@+)< N�6 1B>F:=+), � 9	>2,Y3)/=9;-[D8<	XYC)?`:=,83 <06 9M>2,8/@1B,7>A<	H�9	3)9	CG:=,73
-0/@1B3)>e?)>@1B6)-F<0?G:2C)?G: * � 9	>@,83 9;3%9	CG:=9;:=14<06a<06W:2+), � � � � P'Q�+), S%6G, *L-0/@1B3dJ;9	EB?G,V>@+)< N�6 146a:2+),VEB,7HS:
C)E4<	:_1B>_D7<0XWC)?G:=,73 <06^9 >@1B6)-	EB, S%6G, *L-0/@1B3 ��� 7 �O��D8<0/@/2,7>2C]<06)3)146)- :=< :=+),8S)6),8>�:A9	3)9	CG:=,73
-0/@1B3 HI/2<0X�:2+),[<	?G:=C)?`: * � 9;>2,83 >214XA?)E 9U:=1B<	6)>d<06 :2+),M3)/=9	-GP � /2/2<	/2>W1B6 :=+),M/214-0+ :YCGEB<	:Y9	/@,
XW,
9	>@?)/2,73[N�14:2+[/2,7>2C],8D\:�:=<W:=+)14> S%6G, *L-0/@1B3MJ	9;EB?),;P�Q�+), PLNK9	6)>@<06������	���VJ;9	E4?),c1B>�< � :=9	1B6),73
HI/2<	X /2,\HI,8/@,86)D7, # � ;&% P

9O9�[



9 >21B6G-0EB,8S%6G, *L-0/@1B3 �
� 7 �O��D8<0/@/2,7>2C]<06)3)146)-M:2<M:2+), S%6),7>@:59	3%9	CG:2,83^-0/2143bHI/2<0X :2+),W3)/=9	-�*
� 9	>@,83 >@1BXA?GE 9;:21B<06)>7PeQ�+)1B>$S%6),c-0/2143 D7<06 : 9	146)> 9<C�[ 9 � 6)<L3),7>8P���6)D7,A9	- 9;1B6 �G:2+),53G/=9	- * � 9	>2,73
>214XA?)EB9;:=14<06)>*9	/2,�3)/=9	XY9;:21BD
9;EBE��5XY<	/2,�9;D8D8?G/=9;:2,�:=+%9;6 :=+),	��,8>@>21B9	6 * � 9;>2,83 >@1BXA?)EB9;:=14<06)> N�14:2+
/2,7>2C],8D\:O:2<F:2+),�D8<0XWC)?G:2,83W3)/=9;-)P � J0,76Y:2+),�EB14HS: * � 9	>@,83d-0/@1B3)>��L14,8EB3a>@?)C ,7/214<0/ 3)/=9;-c,7>@:21BXY9;:=,7>
/2,7E 9;:214J	,�:=<d:=+),H�V,8>2>@1 9	6 * � 9	>@,83[-	/21B3G>8P

I 1B-	?)/2,  Q 9  D8<0XWC%9	/@,8>a:=+), S%6%9	EV9	3)9	CG:=,73 -0/@1B3)>dHI/@<0X :=+), �'& 7 ;��D;O; � � U EB14HS: Q�� 9;>2,83
>214XA?)EB9;:=14<06 �I:=<	C�� 9	6G35:=+), � 7 � ;O; ��,7>2>@1 9	6 * � 9	>2,73d>214XA?)E 9U:=1B<	65� � <;:2:=<	X � P"Q�+G,�1B6%9;D8D8?G/=9;:2,
EB1ZHS:WC)/2,73)1BD\:=1B<	6 HI/2<	X :2+), �V,8>2>@1 9	6 * � 9	>@,83 >214XA?)EB9;:=14<06 1B> 9U:2:=/@1 � ?`:=,83 :=< 146)>2?  YD71B,76f: -0/2143
/2,7>2<0E4?G:=14<06.146 :=+),[1B6 JL1B>2D71B3 /@,8-014<06)> <;Hc:2+), �%< N ��9	6)3.:2< 1B6)>@?  WD81B,76 : /2,7>2<0E4?G:=14<06.<	HF:=+G,
>2,7C%9	/29;:=14<06 �7<06),�<06Y:2+),�>@?)D7:21B<06Y>2143),�<;H :=+G,�9	14/@HI<014E�P#Q�+),�,8EB,7XY,76 :=>O9	3��29	D7,86 :K:2<c:2+),�?GC)C ,7/
>2?G/@H 9	D7,b6),
9	/ :2+), :=/29	1BE41B6)-^,83G-0, 9	/2,[1B6%9	CGC)/2<0CG/21 9U:=,8E�� E 9	/@-0,F��/@,8>2?GE4:=146)- 1B6 ?)6%9	D7D8,8C`: 9 � E4,
3)14>2D8/@,7:21��
9U:=1B<	6 ,7/2/@<0/2>a1B6 � <	:=+ :=+G,��%< N >@<0EB?`:=1B<	6 9	6)3 1B6 :=+), -0,7<0XY,\:=/@1BD /2,7C)/2,7>2,76f:=9;:=14<06
<	HF:=+G,b9	1B/�HI<01BE P Q�+),bEB9	D � <;HT/@,8>@<0EB?G:21B<06 1B6 :2+),b>2,7C%9	/=9U:=1B<	6 �8<06),b14>YHI?)/�:=+),7/ 1BE4EB?)>�:=/=9U:=,83
1B6 I 14-0?)/@,  Q 9<U � N�+)1BD + C)EB<;:=>A:=+G, � 9	D + 6f?)X � ,8/a3)14>@:2/21 � ?G:=14<06)>5HI<0/A:2+), >=9	XW, -0/@1B3)>7P � :
1B>5,7JL1B3),76 :W:2+%9;:d:2+),��%< N >@<0EB?G:21B<06 1B>dC]<`<0/@E��^/2,7>2<0EZJ0,73 146 :=+)14>dC <0/�:=14<06 <	H�:=+G,T�V,8>@>21 9;6 *
� 9	>@,83 -	/21B3 /2,7E 9;:214J0,_:2< :=+),cD8<	/2/2,7>2C]<06)3)146)- /@,8-014<06 146 :2+),5<0?`:=C)?G: * � 9	>@,83 -	/21B3 P � <0/2,7< J0,8/#�
D8<	XYC%9;/21B>@<06 <	H�:2+), D8<06 :2<0?)/dEB146),8>T<0?G:2>21B3G, :=+), � <0?)6)3)9	/(� E 9��0,7/A-014J	, HI?)/@:2+),8/51B6)3)14D
9;:21B<06
:=+)9;:�:=+),F146fJL14>2D8143 /2,8-	1B<06)>�9;/2,F/2,7E 9;:214J0,7E��Y?)6)3),7/2/@,8>2<	E4J0,73 1B6 :2+),H��,7>2>21B9	6 * � 9	>2,73[-0/@1B3gP

I 1B-	?)/2,H Q 9 � >@+)< N�>�:=+),HS%6%9	E 9	3%9	C`:=,83[-0/2143 ?)>@1B6)- 3)/=9	-�* � 9	>@,83b9	3)9	CG: 9U:=1B<	6MN�1Z:=+ �'& 7
;�� ;O;O; � � U P"Q�+),�-	/21B3d14> >214XY14E 9	/"1B6W9	C)C],
9;/=9	6)D7,�:=<_:=+),�E414HS: * � 9	>2,73d-0/2143)> <	H D8<0XWC%9	/29 � E4,�>21 �8,	P
���&%�� � 1  ����	��
�
�
�
�� � ��
����	
 � �	� ����� ( � -� ��  "!�& � � ��� (K�"-

� 3)9	CG:=1ZJ0,�>@1BXA?GE 9;:21B<06)>"<	H��%< N C%9	>�: :�NK< � � � � ;O;�9 ��9	14/@HI<014E ,8E4,8XW,86 :=> 9;/2,�C)/@,8>@,86 :=,73gPeQ�+),
EB,89	3)146)- ,83)-0,W<	HO:=+),W3)< N�6)>@:2/2,89	X ,8EB,7XY,76 :T14>FC <0>@14:21B<06),73bHI<0?)/FD +)<0/@3 *LEB,76)-	:2+)>59UHS:T<;HK:=+G,
:=/29	1BE41B6)-5,83)-0,c<	H :=+),F?)C)>�:=/@,
9	X ,8E4,8XW,86 :
P*Q�+), �%< N D8<	6)3)14:21B<06G>�9	/2, ��, 7 UF;F;O; � � 9	>@,83 <06
:=+G,OD +)<	/23A<	H)9V>@1B6)-	EB,e,8E4,8XW,86 : � � >@? 7 ;��DU 9;6)3 � 7 C � P � : :2+)1B> 9	6)-0E4,e<	H%9;:@: 9	D � �U:=+),eN�9 � ,
HI/2<	X :=+),a?)CG>@:=/@,
9	X ,7EB,7XY,76f:FC)9	>2>@,8>53G1B/2,7D7:2E�� < J	,8/F:=+),a>2?GD7:=14<06^>21B3G,W<;HO:2+),a3)< N�6)>@:2/2,
9;X
,8E4,8XW,86 :
P

� H�:=+), -0/@1B3 C <0>@>2,7>2>2,7>Y146)>2?  YD71B,76f:a/@,8>@<0EB?G:21B<06 3)< N�6)>@:2/2,89	X <	H�:2+), EB,\HS:A,8E4,8XW,86 :�� 3G1B> Q
D8/@,7:21��
9U:=1B<	6 ,8/@/2<0/@>5N�1BE4EOD89	?)>2, 1Z:=>5NK9 � , :2< 3)1 # ?)>@, C)/2,7X 9U:=?)/@,8E�� 9	6G3 1BXWC)1B6)-	,Y?)C]<06 :=+G,

9O9<E



-0.5 0 0.5 1 1.5 2 2.5 3 3.5

-2

-1.5

-1

-0.5

0

0.5

3118 NodesPureHessian-Based Adaptation
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2735 NodesOutput-Based Adaptation (Lift)
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NACA 0012 - Re = 5,000 - M ∞ = 0.5 - α = 3o
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Mach Number - 2735 NodesOutput-Based Adaptation (Lift)
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max: 0.62
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NACA 0012 - Re = 5,000 - M ∞ = 0.5 - α = 3o

0.580

0.560

0

0

0.25

0.25

0.5

0.5

0.75

0.75

1

1

1.25

1.25

-0.3 -0.3

-0.2 -0.2

-0.1 -0.1

0 0

0.1 0.1

0.2 0.2

0.3 0.3

0.4 0.4

I 14-0?)/2,  Q 9�U % � � � � ;O;�9 � � 14/@HI<014E
:=,8>�:dD
9;>2, % ��, 7 U���;O;F; � >@? 7 ;��DU � � 7 C � P[Q"<0C�%
C)E4<	:�<	He:2+), �[9	D +^6f?)X � ,8/�3G1B>@:2/21 � ?G:=14<06[<	6 :=+),8S%6)9	E
9	3)9	CG:=,73 -0/2143 ?)>2146)- <0?G:2C)?G: * � 9	>@,83
9	3%9;CG: 9;:21B<06 P � /2,��f?),7>@:2,83 ,8/@/2<0/cEB,\J0,7E*<;H��'& 7 ;��D;O; � � U 1B>FC)/@,8>2D7/21 � ,73 HI<0/_:=+),YEB1ZHS:
P �K<	: Q
:=<	X % � 9	D + 6f?)X � ,8/�3G1B>@:2/21 � ?G:=14<06 <06[:2+), S%6)9	E'9;3%9	CG:2,83 -0/@1B3 ?)>2146)- C)?G/2, �V,8>2>@1 9	6 * � 9	>@,83
9	3%9;CG: 9;:21B<06 N�1Z:=+ � 7 � ;O; P

9 � ;



-0.5 0 0.5 1 1.5 2 2.5 3 3.5

-2

-1.5

-1

-0.5

0

0.5

1938 Nodes
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Mach Number Distribution
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Mach Number - 3301 NodesPureHessian-Based Adaptation

Leading Edge
Blow-up

min: 0.0
max: 0.4375
incr: 0.00875
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Mach Number - 3226 Nodes

NACA 0005 - Re = 100,000 - M ∞ = 0.4
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Output-Based Adaptation (Drag)
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Local Adaptation Parameter (Drag)
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